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present volume contains an account of my most recent 
es into the chemistry of the stars, and of some questions 
have grown out of these inquiries. It has taken its 
form because several friends, upon whose judgment 1 
y, suggested that I should preface the account of the 
uirl the conclusions I have derived from it, by a statement, 
' and simple as I could make it, of the principles of 
Spcctr.im Analysis and of the earlier steps in the various investi- 
gation;); the convergence of which lias led to the present stand- 



my "Chemistry of the Sun," published in 1SS7, 1 dealt 
with the then state of the problem, so far as the Sun was 
j e-d. In two later volumes, "The ileteoritic Hypothesis" 
e "Sun's J 'lace in .Nature," 1 included the stars in the 
The short story which I give in the earlier portion of 
book consists of a vesttutf'. of the three volumes, so 
;he question of dissociation is concerned : this is followed 
recently accumulated by other inquirers, all of which 
strengthen my original thesis. In the latter pail of the 
I endeavour to show bow, in the studies concerning dis- 
we have really been collecting facts concerning the 
the chemical elements; and I point out especially that 
steps in this evolution may possibly be best studied by, 
clearly represented in, the long chain of facts now at our 
touching the spectral changes observed in the hottest 



thanks ait 1 due {1 ) to Messrs. Loekyer, Fowler and ISaxan- 
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me to do the work ; (2) to my colleagues, 
Howes and Farmer, and Professor Poulton am 
who have so freely given me information on sev 
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William Crookes, Professor A. .Schuster, and 
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researches ; and (4) to the officers and council of 
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Solar Physics Gbsevcatory, 
South Kensington, 
January 9, 1900. 
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INORGANIC EVOLUTION AS STUDIED BY 
SPECTRUM ANALYSIS. 



BOOK I.— THE BASIS OF THE IXQ17IR 



r. 



Chap. I. — Ptuntiples and Methods. 



re i 



ti Tins 



defi 



The thirty rears' work to which I have to refer in this 
to do with various point?! raised by the investigation of 
mid absorption of light ; the science of spectrum analysis 

Spectrum analysis, indeed, is now becoming so far-r 
dally iu inquiries having to do with the conditions of 
celestial bodies, that there are many who are anxious to 
thing of its teachings. To some of these, however, the 
men of science, a very necessary shorthand, are unfamiliai 
hard to understand, because the opportunity of seeing the 
are intended to define, and which they generally do 
admirable fashion, has never presented itself. I propose, 
attempt to show that there is nothing recondite about thesf 
it is possible without any expensive apparatus for every 
take a little trouble, to observe the phenomena for himself 
the meanings of the terms employed will present no difticu tv 

One key to the hieroglyphics, the light story, which 
every ray of light, is supplied to us by the rainbow. It te* 
the white iight with which nature bountifully supplies us 
rays is composed of rays of different kinds or of different 
it is common knowledge that there is an almost per 
between these coloured lights and sounds of different pitel 

The blue of the rainbow may be likened to the higher 
key -board of a piano, and the red of the rainbow, on the 
maybe likened to the longer sound waves which produt c 
notes ; and as we are able in the language of music to 
particular note, such as B ilat and G sharp, and so on, so 
are defined by their colours or wave-lengths. 



>ook has had 
the radiation 
is involved, 
chin ^, espe- 
the various 
know some- 
used by 
and appear 
things thev 
ne in most 
therefore, to 
terms ; that 
>ue who will 
after which 
whatever, 
s hidden in 
dies us that 
in the sun's 
colours ; and 
'ect analogy 
es. 

notes of the 
other hand, 
the lower 
define each 
light- waves 
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2 

What nature • 
or ;i grating. A p 
vial through which 



process. A grating 
metal, equidistant, 
passes through, or i$ 
and one result th;i 
passing light throu. 

It is rapidly 
white light is re 
colour similar to a 
because white light 
having its own s 
Our rainbow band if 

Such a glass pris- 
ment called the spe 
which we can ima; 
grating plays in bre 
parts from the red 
string of orange, ye 
the rainbow. 



accomplishes by a rain-drop wc can do with a prism 
.•ism is a piece of glass or other transparent mate- 
i he light is bent out of its course or refracted in the 
is a. collection of wires, or scratches on glass or 
very near together, and all parallel. When light 
reflected by such a system, it is said to be diffracted, 
we are concerned in is very similar to that of 
h a prism. 

becoming a familiar fact to many that when a ray of 
fraqted by a prism or diffracted by a grating a band of 
rainbow is produced, and that this effect follows 
is built up of light of every colour, each colour 
length of wave and degree of refrangibility. 
called a spectrum. 

m or grating is the fundamental part of the instru- 
itroscope, and the most complicated spectroscope 
ine simply utilises the part which the prism or 
iking up a beam of white light into its constituent 
x> the violet. Between these colours we get that 
low, green, and blue w hich we are familiar with in 



special 



Fur sixpence air) 
will serve many of 
vellonsly fei'tile fiel 
up to us. From an 
a piece of wood fr> 
vision), 1 inch hroa 



Fig, 

2 inches high, at til 
of a wax candle 



INORGANIC EVOLUTION. 



[CHAP. 



A Simple, £<fiertro.vo/ie, 

of us may make for ourselves an instrument which 
lie purposes of demonstrating some of the mar- 
ls of knowledge which have been recently opened 
optician we can buy a small prism for sixpence ; get 
o|m 20 to 10 inches long (the distance of distinct 
:1, and j * 11 inch thick. On one end glue a cork 



Pel's in 




I.-- AiTitugejueiifc of cancLIe, prism ami eye. 

: other end fasten, by melting the bottom, a stump 
of such a height that the dark cone above the 
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I.] PRINCIPLES AND METHODS. 



wick is level with the top of the cork. Then glue the prism on t|he 
cork, so that by looking sideways through the prism the colour 
image or spectrum of the flame of the candle placed at the other e i 
of the piece of wood can he seen. 

We get a hand of colour, a spectrum of the candle flame built iji 
of an infinite number of images of the flame produced by the lig 
rays of every eolonr. But, so far, the spectrum is impure, because tli 
images overlap. We can get rid of this defect by replacing the cam 
by a needle. 

If we now allow the needle to reflect (he light of the candle flame 
taking care that the direct light from the candle does not frtll upon the 
face of the prism, we then get a much purer band of colour, bec.ai.se 
now we have an innumerable multitude of images of the thin ueedl 
instead of the broad flame close together. The needle is the equi- 
valent of the slit of the more complicated spectroscopes used 
laboratories. 



bd 
d 



hT 

e 
lie 



fc'lG. 2. — Use o£ the simple spectroscope. 

We can vary this experiment by gumming two pieces of tin oil 
with two perfectly straight edges on a piece of glass so that the straight 
edges are parallel and very near together. In this way we have 
slit; this should be fixed close to the candle mid between it and the 
prism. 

Now the light of the candle is white, and the preceding experiment 
tells us that such light gives us a band containing all the coloii 

r, 2 



3 



in 



a 



rs 
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INomJAXIC 



without any breaks or gaps. \V 
xjwr( Ml in. 

The C'rii/iittit 

Tf we bum a piece of paper, or a 
a white light identical to that given 
nut liquefy when made white-hot. and 
the same condition, and some dense 

This effect is produced because 
to produce an image of the need 
together continuously from one end 

Let us then consider this fact 
liquid bodies and dense gases, w 
give a continuous spectrum. Un 
the eye, without the spsr-troscope. « 
white-hot poker. 



EVOLUTION. [CHAP. 
■ have what is called a continuous 

us Sjwd ri.i 111. 

match, or ordinary coal-gas, we get 
us by Lhe candle ; solids which do 
liquids which do not volatilise under 
gases when heated, do the same, 
here is light of every wave-length 
e (or the slit) ■ these images blend 
of the spectrum to the other, 
established, namely, that solid or 
heated to a vivid incandescence, 
these circumstances the light to 
ill be white, like that of a candle or 



hen 
der 



The L<- a i illi i'f the ('oiitituiuitx ,S/. 

If we put a poker in a fire, it beer 
wire by passing a feeble current of 
hot like the poker. 

In both cases examination by 
red end only of the spectrum is visi 
gradually heated more strongly, the 
successively appear. Finally, whe 
attained, the whole of the colours ol 

Hence we learn that if the degree 
light will only be red. But, so fat 
expand towards the violet as the 
stated — it will be continuous. 
The red condition comes from 



t* 

condition comes from the gradual a 



increases. 

One of the laws formulated by 
scopic inquiry has to do with the k 
at different temperatures. The la 
matter is the further its spectrum e 

Gaslight is redder than the ligh 
the latter is hotter. The carbons 
bluish-white light because they are 

Ilv similar reasoning; from ex 



■•■li'iiiu vane* with Temjienilii'i f. 

mes red-hot ; if we heat a platinum 
electricity along it, it becomes red- 

neans of the prism shows that the 
)le. But if the poker or wire be 
yellow, green, and blue rays will 
i a brilliant white heat has been 
the spectrum will be present, 
of incandescence be not high, the 
as the spectrum goes — and it will 
incandescence increases, as before 



e ttb.<eitce of blue light : the white 
Iditioii of blue as the temperature 



virchhoff in the infancy of spectro- 
nid of radiation given out by bodies 
v affirms that the hotter a mass of 
(tends into the ultra-violet. 

of an incandescent lamp because 
;n a so-called arc-lamp give out a 
otter still. 

riment we are bound to consider 



1>- 
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1TiIXCIPT.ES and methods. 



the bluish-white stars, the white stars, the yellow, red and Mood-red 
stars to indi(atc a deereasing order of temperature.* 

'We shall not go far wrong in supposing that the star with the most 
intense continuous radiation in the ultra-violet is the hottest, inde- 
pendently of absorbing conditions, which, in the absence of evidence to 
the contrary we must assume to follow the same law in all. 

An inqu ry into the facts placed at our disposal by stellar photo- 
graphs, shous that there is a considerable variation in the distance to 
which the ra:liation extends in the ultra-violet, and that the stars can 
he arranged n order of temperature on this basis. 

Judged by this eriterion alone, some of the hottest stars so tar ob- 
served are -Orionis, £Orionis, a Virginis, y Pegasi, r t L'rste Majoris, 
and A Tauri. Of stars of lower, but not much lower, temperature than 
the above, :nay be named Rigel, f Tauri, a Andromeda, /JPersei, 
sc Pegasi, and /J Tauri. 

In this wiy spectrum analysis helps us with regard to lumjieratiim^ 
both on the tarth and in the heavens. 



f cm Lid 



ase 



Let us n 
platinum wi 
descence, lik 
We have 
colour and e 
any defect ir 
that an inia 
the speetrnn 

There ar 
light is analj; 
new set of pi 

Let us a 
the needle 
salt is 
yellow. It 
should not ic 



to 



gradually 



* On this ]_ 
the mill cat ions 
not considered 
series of hydro 
high t.emperat 
complete series 
the high tempo 
spectrum show: 
bright continue 



DiscQitiitiiivtix Spectra with lirvjht Line*. 

xt pass from a solid which retains its incandescence like 
e without melting, or a liquid which retains its incan- 
; molten iron, without volatilising and see what happens. 

that when the light entering the slit consists of every 
ery tone, we have a continuous band of colour. If there is 
the light we must have a dixewntinuom one, for the reason 
of the slit cannot be produced in any particular part of 
. if there be no light of that particular colour to produce it. 
3 many artificial flames which are coloured, and if their 
sed in the same way as the light of the candle, a perfectly 
enoniena present themselves. 

^ain make use of our improvised spectroscope, and allow 
be illuminated by the flame of a spirit lamp into which 
allowed to fall ; we see at once why the flame is 
ontains no red, green, blue, or violet rays, so that we 
present the spectrum by 

p|oint 1 wrote as follows ill 1SS12 : " An erroneous idea with regard to 
of the temperature of the stars has beeu held by those who have 
he matter specially. It has beeu imagined that the presence of the 
fen lines in the ultra-violet was of itself sufficient evidence of a very 
ire. The experiments of Cornu, however, have shown that the 
of lines can be seen with an ordinary spark without jar. Hence 
•ature of such » st-sir as Sirius is nut indicated by the fact that its 
the whole scries of hydrogen lines, but by the faet that thtrtt is 
i radiation fur ia the ultra-violet. 
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^ii § © v © s 



as in the case of the c 



iifilo, Iml simply by 



We see one image 
We have pas set 1 
monochromatic light - 
wave-lengths to lig 



of slit images giving 
of the slit produced 
image depending upon 
ing from the spectrum 
spirit lamp is shown ii 



■ 5* * 
3 cq 



of the needle coloured in yellow, 
rom the spectrum of polychromatic to that of 
from white light to coloured light— from light of 
it of one wave-length ; from an infinite number 
continuous hand of every colour, to one image 
y light of one rcfrangibility, the colour of the 
the refrangibility. What we shall see in pass- 
of the candle to that of sodium vapour iu the 
the accompanying woodcut. 



Fvi. 3. — A 



inches 
than 



That we are truly 
can he proved by usi 
slightly altering our 
piece of tin-foil 1^ 
disc slightly larger 
the glass. In the ce 
threepenny-piece. Th 
tin-foil constitutes a 
amine the flame of th< 
the prism as before. 

It will readily he 
case of coloured fl; 
being only red. or yelh 
up an image of the sli 



1I1H S 



[C'HAI*. 



U 




Qui (He -flame spectrum. 



*»iglil .lit.-j Spirjt 

> lamp ftiime 



Kmc slit. 



with salt. 



trout [mums and a discontinuous spectrum. 



dealing with an image of the needle (or a slit) 
:ig a slit of any shape. This can he shown by 
die experiment. Take a piece of glass and a 
i square, cut out of the centre of the tin-foil a 
a threepemry- piece, and gum the remainder on 
ltre, where the disc has been cut away, gum a 
3 interval between the threepenny-piece anil the 
(ircular slit. Let it replace the needle, and ox- 
spirit lamp charged with salt through it with 



rasped, from what has been stated, that in the 
the light passing through the spectroscope 
w, or green, as the case may be, will go to build 
in the appropriate part of the spectrum, and 



©2010 Forgotten Books 



www. forgottenb ooks.org 



I.] 



I'llIXCIl'LES AND METHODS. 



that the image thus built np will take the 
according to the slit we use. 

Many chemical substances, salts of variou; 
ous by inserting them into flames, as we ha n 
(chloride of sodium). With each metal the 
flame is different. The resulting spectrum 
spectrum, because it is only here and there th 
produced ; because some coloured rays, and 



net 



brni of a line or circle, 

metals, become lumin- 
_ e treated common salt 
colour imparted to the 
is called a ili-xontiiivom 
it images of the slit are 
all, are present. 




Fig. 4. — The spectrum of a complicated lighl-ec 

and s line slit.. 



The usual laboratory arrangement for observing the spectra of 
flames, is shown in the woodcut (Fig. 5). 

Further, the system of images of the needle i 
substance, and it is on this ground that the 
used, because we can in this way recognise t|l 
the flame. 



souice as seen with n circular 



(or slit) varies for each 
erm sjirrlntm (tiuihjsh is 
he various substances in 




Fig. 5.— Observation of a flume spectrum with 

parison prism, a, prism; i, collimator; d, sli 



f, observing telescope ; •/, scalo Uliiminatecl by 
surface of the prism into the telescope. 



ord[nary spectroscope with, rom- 
e e, llfimcs to be compared ; 
h and reflected by the second 
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TIOX. 



[CHAP. 



Rut we are not limited to flame t 
of gas or vapour may lie made to glow by 
temperatures very complicated spectra 
spectrum is special to each chemical sul 
images of the needle (or slit), occupying 
spectrum according to the nature of the a 

Fig. 5 gives us a laboratory prism 
sion ; with the more complicated j-pect 
better seen if more than one prism is 
instrument in which four prisms are used. 



emperatures ; substances in a state 
electricity. At these higher 
re produced, and again the 
i stance experimented on ; the 
different positions along the 
wree of light. 

ipectroscope of small disper- 
■a the phenomena are often 
employed. Fig. 6 shows an 




3TlC(. G.— Steinheil spectroscope 



ivith four prisms. 



Oil 



in 



e;; 



It is in the case of the more compli 
length has to be specially considered fri 
ing the position of a line. It i^ not en on 
case of the sodium line, that it is located 

The lengths of the various Iight-wav 
length of the sound-wave of the middle 
while the wave-length of yellow light as c 
accurately measured is '0005895 of a ir 
millionths of a millimetre ; so that there 
inch. The unit of wave-length usually 
of a millimetre. These wave-lengths gel 
red to the violet. 

For accurate measures of the wave- 
is employed as shown in Fig. 7. 



ated spectra that the wavc- 
the point of view of defm- 
h to say, as was said in the 
the orange. 

are very small. The wave- 
C of a piano is about 4 feet, 
efined by that of a line very 
illimetre, that is 5n95 ten- 
ire 43,088 waves in a British 
e nployed is the ten-millionth 
shorter as we pa.-s from the 

engths of the lines a grating 
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Rn much then in general for the radiations given out by light 



sonrc 



s, and the manner in which the spectroscope shows them and the 
student records their positions. 

Spectrum analysis was established when experiment proved that no 
two substances which give a line spectrum give the same order of lines 
one end of the spectrum to the other: in other words, the line 
urn of each chemical substance differs from that given by any 



from 
spect 
other 
E 

of w 



ere then is one of the secrets of the new power of investigation 
aich the spectroscope has put us in possession : we can recognise 



PRINCIPLES AND METHODS 




each element by its spectrum, whether that spectrum is produced in 
the laboratory or is given by light travelling earthwards from the most, 
dist; nt star, provided the. dement exists both here and thwe. 

It is in this way that spectrum analysis helps us with regard to 



i i, 




Fig. 8.— Parts of the spectra of (A) barium and (B) iron (from !i 
photograph). 
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chemistry ; the spectrum varies according to the chemical snbstai 
which produces it in a manner that will he gathered from an insp' 
tion of tlie photograph (Fig. 8) which shows the difference l>etween 
spectrum of barium (A\ and that of iron (B). 



th 



Flat nut*. 

The earliest spectroscope observations revealed the fact that in some 
spectra the lines, instead of being irregularly distributed along the 
spectrum, were arranged in an easily seen rhythmic fashion. Such 
allocations of lines are called flirtings, as a succession of them gnes 
rise to an appearance strongly recalling the flirtings of a Covin thilan 
column seen under a strong side light. 




Fig. 9. — Pin tin" of carbon. 



Our improvised spectroscope helps us here too ; use the candle n 
straight slit in front of it as before, but shorten the slit, and 
allow the blue light from the base of the candle flame to pass throw 
it to the prism. We see two or three sets of flirtings. These are 
flutings of carbon ; they are amongst the most beautiful exam 
known and are thoroughly typical. 



ce 
x- 
c 



i:ir 



01 lv 



fell 
e 
es 



th 




SeneK. 

One of the most important discoveries made in recent years, teaches 
us that in the case of many chemical elements, the apparently irregn ar 
distribution of the lines is really dominated by a most beautiful law, 
and that the most exquisite orderly rhythm can be obtained by sorti ig 
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out the lines into whafc 
related to each other. 

Messrs. Kiuige and 
lithium, sodium, and j 
various " series." Lat< 
case of the eleveito gas 
Violet. 



Paschcn* showed, in 1890, that the spectra of 
otassinm were the summation of the spectra of 
r they have shown that the same is true in the 
;s. 

lied 



■ 


•■■ 


." ■[ -4 






*•* • 




\ • '- "> ■ 1 


1 


;j'TJ?i 1 



iiu::.:/ 




in;. 



A " aeries " of s 
the intensity of which 
number or wave-fr 
formula 



deter ii lined 



where n represents the 
A, E, and C are 
the wave-lengths the g 
length ; hence the wav 

The fact that lines 
of the spectrum is rei- 
is hest brought under 
In the visible part of 
far apart to be recognise 

The accompanying 
irregular lines observ 
arranged into the most 
build up the spectra ai 

Some of these sen 



instead of single lines. 



ilXCU'LES AXD METHODS. 11 

are termed " series," that is lines numerically 




1, — The series m the cleTeite gases. 



pectrnl lines may be defined as a sequence of lines, 
lecreases with the wave-length, and the wave- 
eqlueuey of which may be determined by the 



3 

'II !S 



A + B>* + C,V, 

integers from three upwards, and the constants 
for each element separately. The shorter 
■eater number of waves there will be in a given 
3-frequency varies inversely as the wave-length, 
.imst close up to one another, as the violet end 
hod, indicates that the character of a "series" 
lotiee in the ultra-violet end of the spectrum, 
he spectrum the lines forming " series " are too 
:d as belonging to a series, 
diagram (Fig. 11) shows how the apparently 
in the spectra of the cleveite gases can be 
exquisite order when the six series of lines which 
shown separately. 

are composed of triplets and some of doublets 



td 



* All,, k. A kail. Whs., Berlin, 1SU0. 
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ern' 



1 wrote tli ns on this subject in li>79 : — 
" I am at present engaged in investigating thi 
and I have already found that many of the fir: 
may probably arise from the superposition or hit 
of rhythmical triplets. All this goes to show h 
si mpli heat ions is that we bring about in the cast 
inentary bodies by the application of a temperat 
yet define. 

" Indeed, the more one studies spectra in 
under varying conditions of temperature which 
the reversal now of this set of lines, now of tr 
becomes the possible origin. Some spectra are 
again are full of triplets, the wider member beiu 
more, sometimes on the less, refrangible side."* 

Mascartf had noted this recurrence of simil 
ten years earlier. 



[chap. 



question of rhythm, 
order lines of iron 
ation of a number 
3\v long the series of 
of the so-called ele- 
ire that we cannot as 

detail, and especially 
nable ns to observe 
at, the more complex 
of doublets ; others 
,g sometimes on the 



i,r features in spectra 



soi iie 



D'hcontinumts Spectra with Durh L 

It is time now to make still another experi 
and prism. 

If we study sunlight (taking care again to 
allowing a sunbeam to illuminate the needle, wi 
kind differing from those we have seen before, i 
tinuous band of colour is broken, it is full of <lar 
of the coloured rays are lacking; and hence images 
not forthcoming in places. The positions of 
lines lettered by Fraunhofer are shown in Fig. 12 

We now know that this result is produced 
absorption of !iij/it.. To understand it we have, onl 
through glasses of different colours : a bine glass: 
reel light, and only the blue end of the spec- 
glass absorbs or stops the blue, and only the red 

In these cases large regions of the spect 
blotted out as differently coloured glasses are use 
with which we have to do mostly is of a more 
lines, that is, single images of the slit, are in quesjtion 

One of the most important results that has b 



* froc. lloij. Hoc, vol. ssviii, March, 1S79. 

t In 1SG9. he wrote as follows: "11 seinble diilicil 
pureil pheuomeiie. soit un effet clu hasard ; n'est-il pas ]ih 
ets groupes do rnies semblablos Font des hjinuoiiiqiios qui 
uioleeiilaire fin gaz 1 miliums ? 11 fautlra sans clonic un 
tioii^ analogues pour decouvrir la loi qui rcjjit ccs hanuoui 



nent with our needle 

shield the prism), by 
: get a spectrum of a 
.lasmuch as the con- 
<l lines ; that is, some 
of the needle are 
of the chief dark 



what is termed the 
v to look at a candle 
absorbs or stops the 
-rum remains ; a red 
mid remains, 
.■urn are alternately 
I, but the absorption 
restricted character : 



* en gathered from the 



que la reproduction d'un 
s uaturi'l d'ndrnettre que 
ieiim'nt a la constitution 
grand uouibrc d'observa- 
ques." 



©2010 Forgotten Books 



www. forgottenb ooks.org 



'■] 



as 



study of these absorpti 
competent to give us 
vapours or gases we h 
provided the light sour 
ticular rays constitutin 
each of the vapours as 
tiunous spectrum. 



3ii effects is that if we look at a light source 
a continuous spectrum through any of the 
e so far considered as producing bright lines, 
ce is hotter than the gases or vapours, the par- 
the bright line or discontinuous spectrum of 
>;ases will he cut out from the light of the con- 



stop 



"While in the trivin 
vibration taking place 
radiation ; absorption y 
the molecules when the 
can only vibrate each 
vibrations from light w 
that thy light thus pass 

An illustration fron 
make this clour. If 
ami sing a note find s 
the piano. If we sinj 
from the piano. How 
we have thrown the air 
in the piano was com 
:uid, vibrating after we 

This principle mai 
maimer by means of tw 
and tuned in exact nni 
by means of a fiddle-lx 
open mouths of the t« 
to make the effect as 
fork originally soundec 
that the other fork ha.s 
loudly as the original 
are not in perfect uuif 
the slightest effect in ]ii 
we have a long room, i 
and an observer at the 
all tuned like the sol 
ol >server would scarce! 
open strings of the soli 
pulsus set up by the 
others, would set all the 
set in motion by the vi 
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petent 



E.q>lum:tioti. of Ab*oqition. 

* out of light we are dealing with molecular 
so energetically as to give rise to luminous 
henomena afford us evidence of this motion of 
r vibrations are far less violent. The molecules 
in its own period, and they will even take up 
hieh is passing among them, provided always 
iug among them contains the proper vibrations, 
what happens in the case of sound will help to 
e go into a quiet room where there is a piano, 
suddenly, we find that note echoed back from 
another note, we find that it is also re-echoed 
is this 1 When we have siuig a particular note, 
into a particular state of vibration. One wire 
to vihrate in harmony with it. It did so, 
had finished, kept on the note, 
be illustrated in another and very strikhi" 
i large tuning-forks mounted on sounding-boxes 
?on. One of the forks is set in active vibration 
w, and then brought near to the other one, the 
o sounding-boxes being presented to each other 
great as possible. After a few moments, if the 
is damped to stop its sound, it will be found 
taken up the vibration and is sounding, not so 
ork was, hut still distinctly. If the two forks 
, no amount of bowing of the one will have 
odueiug sound from the other. Again, suppose 
nd a fiddle at one end of it, and that between it 
other end of the room there isascreen of fiddles, 
one. we can imagine that in that case the 
y hear the note produced upon any one of the 
,ary fiddle. Why ? The reason is that the Bir- 
open string of this fiddle, in tone with all the 
other similar strings in vibration ; the air pulses 



1; on 



it arv 



jration of the fiddle cannot set all those strings 
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14 INORGANIC KVOI.UTTON. [CHAP. 

vibrating and still pass on to one's ear at the other end of the room a,? 
if nothing had happened to them. 

Now apply this to light. Suppose we have at one end of a room a 
vivid light source giving us all possible waves of light from red to 
olet. This we may represent as before Ly 

W ] © ©i Y © c§ 

Also suppose that we have in the middle of the room a .screen of 
molecules, say a sodium flame, capable of emitting yellow light, 

1 

'What will happen ? Will the light come to our eyes exactly as if 
tie molecules were not there 1 No ; it will not. What then "ill be 
.e difference 1 The molecules which vibrate at such a rate that they 
ve out yellow light, keep for their own purpose— filch, so to speak, 
im the light passing through them —the particular vibrations which 
tley want to cany on their own motions, and we shall have 

a3 a result ; the light comes to us minus the vibrations which have thus 
In «n utilised, as we may put it, by the screen of vapour. We have, in 
fact, an apparently dark space which may be represented thus : 

W 3 © £3 Y © GS 

In the spectroscope we see what would otherwise be a continuous 
pectrum, with a dark band across the yellow absolutely identical in 
)sition with the bright band observed when the molecules of the 
apour of which the screen is composed radiated light in the first in- 
stance. It is not, however, a case of absolute blackness, or absence of 
tl at particular ra}*, for the molecules are set in vibration by the rays 
which they absorb, and therefore give out some light," but it is so feeble 
to appear black by contrast with the very much brighter rays coming 
rect from the original source. 

This great law may be summed up as follows : (hisex and vapvtnv, 
'wa reh'ticvhi ami, abmrh those nuj* wkirh tliei/ themselves •■mil when. 



ihani'.ksrrtit ; the absorption is continuous or discontinuous (or selective) 



the radiation is continuous or discontinuous (or selective). 
I have referred to this matter at some length because in our light 
sources, in the sun, and in most of the stars we have light from a more 
highly heated centre passing through an envelope of cooler vapours, 
u:d on this account absorption phenomena are produced. 
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It was Framihofer, at the beginning of the cent 
so rapidly passing away, who was the discoverer of 
spectrum of the sun was discontinuous with dark lines 



fh 





/ — K- 




r 





Si 



When we wish to go further afield than the sun, that is, to the stars, 



15 

iry which is now 
e fact that the 



si 

a 

't. 

o 



1 



o 
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we must first 
spectroscope. 

Fig. 1.3 sh 
the great Lick 
of work are ei 
far beyond the 
construction ar 



IXOROAX1G EVOLUTIOX. [CHAR 

use a telescope to collect the light, and then employ a 

>ws a spectroscope thus attached at the eye-piece end of 
refractor. In astronomical inquiries the same methods 

lployed, and although it will be seen that we are now 
improvised spectroscope with which we began, both in 

d use, no new principle is involved. 




Fig. 13. 

Xuw if nn 
in a prism, and 
what I have si 



—A stellar spectroscope attached to the Lick equatorial. 

reader has not hesitated to invest his or her sixpence 
has had the patience (no other quality is needed) to do 
Ljge-ited, the way is open to read without difficulty most 
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books involving spectrum analysis which lie or she is likely to com.! 
across ; terms such as 

Spectrum Fluted speclm 

Continuous spectrum Di scout iimons (or select iye) spectrum 

Grating Fruuuliofei' lilies 

Prism Wave-length, wave-freepjency 

Spectroscope Radiatkm 

Slit Absorption 

Line spectra Series, 

should now have acquired a definite meaning, and I trust the expressivt 
ness of the terms will be acknowledged while they arc accented as \m 
ot the future mental stock-in-trade. 
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When" T began to endea 
analysis to the investigj 
1865, the then idea, I 
P<">9, was that the sped 
divisible — that it could n 
else. 

Looking back it is ea 
upon the fact that it) tl 
generally employed, and 
visible in the flame and 
upon, such as sodium, 
spectra at low stages of 

Hence the first spec 
the chemist, that the che 



vonr to apply the principles of spectrum 
atjion of the nature of the heavenly bodies in 
2d upon Kirchhoff and Bnnsen's work of 
rum of a chemical clement was one and in- 
t lie changed by temperature or by anything 



weight was a niamifactu 
cal elementary substances 
indivisible units ; or of 
them, hence the terms " 
The difference betwc 
and gaseous states, in wh 
spectrum, was ascribed i 
and its freedom in the g 
The difference between 
continuous spectra was 
chemistry. According t 
bodies are in a state of 
the solid, liquid, and 
molecule never gets hej 
The path it describes is 
Clifford, in a lecture up 
clearly. He supposed : 
bands to the ceiling am 
of the room. Xow pull 
always about a mean 
place ; it will always g 
~Wc next come to li 
on the other hand, tlici 



to see now that this idea largely depended 
e early days low -flame temperatures were 
that it so happens that the substances best 
which were therefore chosen to experiment 
calcium, potassium and the like, give us line 
leat. 

;roscopic ideas entirely agreed with those of 
mical " atom," defined by a certain " atomic " 
•ed article, indivisible, indestructible. Chemi- 
were either composed of these atoms, these 
"molecules" consisting of two or more of 
diatomic " and " polyatomic " molecule. 
!ii the spectra of the same element in the solid 
ch we have first a continuous and secondly aline 
o the restricted motion of the atom in the solid 
aseous state— it was a question of " free path." 
.he states which gavens the continuous and dis- 
physical difference having nothing to do with 
) the kinetic theory of gases, the particles of all 
continual agitation, and the difference between 
gafeeous states of matter is that in a solid body the 
ond a certain distance from its initial position, 
iften within a very small region of space. Prof, 
on atoms, many years ago illustrated this very 
bocly in the middle of a room held by elastic 
the floor, and in the same manner to each side 
the body from its place; it will vibrate, but 
position ; it will not travel bodily out of its 
j back again. 

puds. Concerning these we read: "In fluids, 
e is no such restriction to the excursions of a 
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molecule. It is true that the molecule generally can travel but a 
small distance before its path is disturbed by an encounter with 
other molecule ; but after this encounter, there is not hi no- «■ 
determines the molecule rather to return towards the place ! 
whence it came than to push its way into new regions. Hence in 
liquids the path of a molecule is not confined within a limited regio 
in the case of solids, but may penetrate to any part of the space o 
piert by the liquid. 

Now we have the motion of the molecule in the solid and the liq 



ery 
sb me 
lich 

rom 



cu- 



How about the movement in a gas 1 "A gaseous body is supposed to 
consist of a large number of molecules moving very rapidly." Foi 
stance, the molecules of air travel about 20 miles in a minute. " III 



uiinsc 



the greater part of their course these molecules are not acted upon by 
any sensible force, and therefore move in straight lines with uniform 
velocity. When two molecules come within a certain distance of each 
other, a mutual action takes place between them which may be cam- 
pared to the collision of two billiard balls. Each molecule has its 
course changed, and starts in a new path." 

The collision between two molecules is defined as an "eneonntf 
the course of a molecule between encounters a "free path." "In 
ordinary gases the free motion of a molecule takes up much more t ir.e 
than is occupied by an encounter. As the density of the gas increases 
the free path diminishes." 

It will be seen at once that on the view first held that the differ- 
ence between continuous and discontinuous spectra depended simply 
upon the solid and gaseous states, no solid could give ns a line spec- 
trum : and the well-known absorption spectra of didymium glass ;:nd 
other solid bodies would be impossible. 

Another important series of facts was soon brought to the frcnL 
Pliicker and Ilittorf in the year announced that "there i 

certain number of elementary substances which when differently 
treated furnish two kinds of spectra of quite a different character, lot 
having any line or band in common." The difference in charactct to 
which reference is here made consists in the spectrum produced at ,he 
lower temperature being composed of fiutmgs, which are replaced by 
lines when the higher temperature is reached. 

This was the first blow aimed at the general view — one elemfent 
one spectrum — to which I have referred above. It was met in tivo 
ways. 

Taking the line spectrum as representing the true vibration of : he 
chemical unit, I have already shown that the continuous spectrum vas 
explained as due to its physical environment, the solid or liquid st; te. 
This, then, had not to be considered from the chemical point of viev 

c 2 



ID 



ml 



m- 
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tie 



tin it 



The fluted spectra were 1 
always wisely, for, to get rid 
spectra of hydrogen, two per 
acetylene. Again the " bell- 
which the spectrum did not < 
upon the way it was made tr 
same chemical atom might 
dozen different ways. 

But it was answered that 
this reason. Mitseherlich sh 
to be chemical compounds w 
spectrum special to the comp< 
their own ; no lines of either 
I showed later that when 
decomposition, the lines of th 
pound was composed made the 
ture employed. And T also 
happens with regard to the flu 
clement. We may get the h 
increase the temperature and c 
appearance ; and next, by emp 
abolish the fluted spectrum i 

Since then the difference 
meiit was no more marked th 
a known compound and its 
broken up by heat, it was as k 
bodies as to deny that more mo 
volved in spectral phenomena. 

Attacks like these finally 
position, and some time later, 
turned out to have no justific 
mercury have not fluted specti 
might represent the vibratioi 
" diatomic " elements. This, 
hypothesis." 

At the time when the din 
istence of fluted as well as lin 
were being discussed, solar 
us a perfect flood of facts app; 
1866 1 threw an image of the 
in order to observe the spect 
the spectra of sun-spots (Fig 
were observed. 



sldly ascribed to "impurities," but not 
of the difficulty presented by the two 
eetly distinct spectra were ascribed to 
pothesis " was suggested, according to 
peud so much upon the substance as 
vibrate. According to this view the 
lave a dozen spectra if struck in a 



obssr 



sun 



[chap. 



alti igetl 
Ixt 



an 



constituents 



is argument proved too much ; and for 
>wed in 1864 that some bodies known 
lien raised to incandescence, give us a 
■nnd ; that is, they have a spectrum of 
the constituents are seen, 
temperature was sufficient to produce 
elementary bodies of which the eom- 
r appearances according to the tempera- 
showed that precisely the same thing 
;ed and line spectra of the same chemical 
alone at a low temperature; we may 
im it slightly, some lines making their 
oying a very high temperature, we can 

icr and obtain one with lines only, 
ween the two spectra of the same clo- 
the difference between the spectrum of 
? after the compound had been 
gical to deny the existence of compound 
leeular complexities than one were in- 



<pansed the chemists to reconsider their 
being under the impression, which has 
at ion, that "monatomic" elements like 
a, they conceded that the fluted spectra 
of the "diatomic" molecule in the 
jf course, was to give up the "bell- 

erenees of opinion arising from the ex- 
spectra in the case of many elements 
vations were beginning to bring before 
irently devoid of any law or order. In 
on the slit of a spectroscope (Fig. 14), 
a of its different parts, and in this way 
. 10) and eventually of prominences 
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Fig. 14. — Spectroscope attached to a large refractor which throws an image of 
the sun on the slit plate. 



Iii the first method of work adopted in the laboratory the spectro- 
scope was directed to the light source, so that the spectrum was linil ; 
up of the light coming from all parts of it without distinction. 




"ig. 15. — The first method of work with the flit of the spectroscope close to the light 
source. In the experiment illustrated the light source is nu electric spark prod iced 
by an induction coil with Leyden jar in circuit. The slit eud of the spectros :apc 
is shown to tlie right. 
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Ill 1869 T introduced into laboratory work the met 
the case of the stm in the observatory ; that is, an image 
source experimented on was thrown on to the slit by a 
so that the spectrum of each part of it could be observei 
the results obtained bv the new method were the followi 



tl od 



adopted in 
of each light 
lens (Fig. 1G), 
, and some of 
ig :— 




[L'lIAI'. 



Via. 18. — The melliod of throwing an image of the light source (in this ra>e n, 
candle flame) on the slit plate of a laboratory spectroa'ope. 



long and she 



s; ilts 



The spectral lines obtained by using such a light 
■electric are or spark were of different lengths; some a 
the spectrum of the centre of the light source, others 
into the outer envelopes. This effect was best studied 1>\ 
image of a horizontal arc or spark on a vertical slit, 
the lines photographed in the electric are of manv met 
were tabulated anil published in 1873 and 1871. 

In Figs. 17 and 18 these so-called 
illustrated. In one case we deal with a mixture of the 
ami strontium, in the other with the metal sodium. The 
lines in the spectrum of the core of the arc will be best 
Fig. 17, the variations in the lengths of the lines from I 

Here then was the first glimpse of the itlea that 
spectrum of a chemical element obtained at the highe; 
might arise from the summation of two or more diiferen 
produced at different degrees of temperature, and thcrefoi 
in presence of two or more molecular complexities ; th 
molecules broken up at different temperatures. So s<|>oi 



source as the 
pieared only in 
extended far 



throwing the 
he lengths of 
dlie elements, 



rt lines" are 
of calcium 
■ichness of the 
atherecl from 
fig. 18. 

the complete 
,t temperature 
t line spectra, 
*e bringing us 
it is, different 
i as experi- 
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incuts in the laboratory had given a definite result with regard to the 
spectrum of a metal in this way, 1 proceeded to study the .sun with 
a view of determining how that metal Iwhavcd in the sun. 

This involved, first, photographs of the solar spectrum with its dark 
lines photographic comparisons of these dark lines with the bright 
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lines constituting the spectra of the metallic elements. This enabled 
us t< compare the total light given by each light source with the light 
received from all parts of the sun indiscriminately. 
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FiLi. 18. — Tlie lonas Mid short; of =odiuiu faken under the same conditions, showing 
that tlie orange line extends furthest from the poles. 

Xext the spectra of different paits of the sun — chromosphere and 
prominences and snots — were compare tl with different parts of the 
light source, the core of the arc, and the centre of the spark, and the 
outer regions of liotli. 

It will be seen that the inquiry now had a very broad base, ami it 
could be immediately tested in many ways at every stage. 

Wonderful anomalies were at once detected; lines known to belong 
to the same chemical element behaved differently in several ways. 
Some were limited to prominences, others to spots (Fig. 20), and in 
solai' storms different iron lines indicated different velocities (Fig. 21). 
In the spectrum of the hottest part of the sun open to otic inquiries, 
the region namely immediately overlying the photosphere, which I 
named the chromosphere, the anomalies became legion ; suffice to say 
that in the hottest part of the sun we could get at, the spectrum of 
iron then represented in Kirehhoffs map of the ordinary solar spec- 
trum by 460 lines was reduced to three lines. 

It was no longer a question merely of settling the difficulties raised 
by the observations of PHicker and Hittorf. 

Many observations and ero&s references of this kind during the 
next few years convinced me that the view that each chemical element 
had only one line spectrum was erroneous, and that the results ob- 
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This was the first 
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By the year 18 
spectra enabled the 
the sun. In some oi 
and carbon were !>■ 
was that in white st 
extending far into 
of a yellow or red c 

It was in tl 
to the very rcmarkal 
gether regarding 
Keferring more espelc 
I wrote as follows :- 

" I have asked in 
together in a workiii 
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:■ the various terrestrial and solar phenomena were 

1 of simplifications brought about by each higher 
d. That is, that the new instrument, the speetro- 
higher temperatures than those previously em- 

■ chemistry what previous similar inquiries had 
g the existence of finer constituents in matter 
of time to be elementary- 
glimpse of dissociation in relation to the prodnc- 
e line spectrum. 

2 the work of Paitherfurd anil Seechi on stellar 
base of the inquiry to include the stars as well as 

the stars the existence of hydrogen, magnesium, 
.'oncl question. The point that first struck me 
rs like a. Lyra? and Sirius, with continuous spectra 
violet — stars therefore hotter than their fellows 
our — we had to do with hydrogen almost alone, 
at I first called the attention of the Koyal Society 
■le facts which had even then been brought to- 
; possible action of heat in the sun and stars, 
ially to the classification of stars bv Ruth erf urd, 

self whether all the above facts cannot be grouped 
g hypothesis winch assumes that in the reversing 




flG. 19. — Spectrin 

showing that eeijtai 
are widened. Tl 



if a sun-spot as. compared with the genciul spectrum, 
in metallic lines (sodium and ealciimi in this instance) 
e darker portion represents the speetrurn of the ?jmt. 



layers of the sun a 
arc at work, which 
atoms which, at the 
pcratures yet attaii 
compounds." 

Subsequently in 



id stars various degrees of 'celestial dissociation' 
lissociation prevents the coming together of the 
temperature of the earth and at all artificial turn- 
ed here, compose the metals, the metalloids and 



a private letter to M. Pumas, who took the 
* Mil Trans., vol. clxiv, Part tl. y. !!->!. 
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keenest interest in my solar wor];, T wrote, " II seniblc ijlie phis une 
etoile est cliaude pln.s son spectre est simple." 

1 also pointed out the close relation of hydrogen to calcium, mug 
ne*inm and other metals (it whs on this ground that I had named the 




snljstanee which gave D :! , which always varied with hydrogen, helium), 
and the alienee of all other terrestrial gases from the solar spectrum. 
An interesting discussion at the Paris Academy of Sciences was thus 
concluded by M. Dumas : 
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resume, quand je sontenais iIev;uiL I' ALSnleiiiit; qui' !es Elements 
flevaient etre consideres, ainsi qn'il av;iit ctabli hii-menie, 
lie les elements abwhw de l'univers, inais com me les Elements 
; I' experience hnmaine; quaud je professais, il y a longteiups, 
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21. — Different rales of motion registered by different iron lijjos. 



que /'/'.*/</ 
corps; ] 
confirm ei 

One c 
chemical 
different 
them, hy 

In 18 
mena \\ 
could 
iutensitie 
sociations 
and I wr 



only 



vyeiw p'tait plus pres ties metaux que tie tome autre clusse dp 
'(■mottais des opinions que les doconvertes attnelles vieunent 
et que je n'ai point a modifier aujonrd'hni."* 
■f the replies to my working hypothesis was that the various 
elements probably existed in different proportions in the 
stars, and that it so happened that in Vega and Sir-ins one of 
Irogen, existed practically alone. 

8 I went further, and showed that thousands of solar pheno- 
lich had been carefully recorded during the previous years 
be explained by assuming that the changes in the various 
i of lines in the line spectrum itself indicated successive dis- 
J pictured the effect of furnaces of different temperature^, 
Ite as follows :t 



* Chemistry of Vie Sim, p. 205. 

t 1'roc Soy. Soc, vol. xxviii, p. 109. See oNo Chemistry of the Sun, chap. 
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properly speaking, theii 
—are really compounds 
very high temperature 
superior limit to tempe 
which such combinations 
the power of combining 
do not exist as such, or 
like or unlike, at all lev 
combination of more 
of dissociation, therefo|r 
no end." 

In 1878 I went bac 
in relation to the chan^ 
sociated, and after dis 
elusion that the kno 
spectra " are easily 
phenomena established 
analogous to those obs 
It is thus seen that 
up to the year 1880 ha 
as that indicated by mc 
Berthelot in that year : 
"L'etude approfon 
masses elemental res, i 
chaque jour d'avantag 
homogenes et susce 
d'ensemble, . 
plus contraires a V 
doues d'une architect 
Ires varies."t 
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clear that if the so-called elements, or, more 
hnest atoms — those that give us line spectra 
, the compounds must have been formed at a 
It is easy to imagine that there may be no 
■autre, and therefore no superior limit bevond 
are possible, because the atoms which have 
together at these transcendental stages of heat 
rather they exist combined with other atoms, 
er temperatures. Heuce association will be a 
ex molecules as temperature is reduced, and 
:'e, with increased temperature, there may be 



; to the study of the changes in the line spectra 
s observed when known compounds were dis- 
cussing certain objections, I submitted the cou- 
th facts with regard to the changes in line 
rouped together, and a perfect continuity of 
on the hypothesis of successive dissociations 
red in the cases of undoubted compounds."* 
the conclusions to which my spectroscopic work 
1 led me, tended in exactly the same direction 
re purely chemical inquiries thus referred to by 



en 



:b"e des jjroprirtt-s physiques et chimiques des 
ui constituent nos corps simples actnels, tend 
3 a les assimiler, non a des atomes indivisibles, 
es d'eprouver seulement* des mouvements 
1 est difficile d'imaginer mi mot et une notion 
observation; mais a des edifices fort complexes, 
twie spK-ifique et animes des mouvements intestins- 



ptiblt 



* Pio<: Hoy. Soc, vol. sxviii, p. 179. 
t Ctmpfes rend us, 1SS0, vol. \;. 1512. 
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In the last chapter I 
hy the earlier researchers 
propose to pass over the 
its attendant doubts and 



Chap. II [.—-The Present Position". 



ref i si 



rred to some of the difficulties encountered 
in spectrum analysis. In the present one 1 
listory of nearly twenty years' work, with all 
ilifficulties, and deal with what that work has 
brought us, a perfect ha:mony between laboratory, solar and stellar 



-spat e 



e; 



in 
on 



gas m 



phenomena. 

It has been proved 
fluted (or channelled-: 
of most of the elements, 
which I shall have to dea 
accompanying, if not r> 
temperatures. 

It is important to 
Iiehave very differently 
upon them as we pass fr 
that is, the two different 
ently ; the permanent 
exist in the solid form i 
atomic weights and low r 
second. 

In the cases In which 
increase in the free path 
made to vibrate. 

In the case of high- 
of free path is scarcely i 
to those produced by hig 
of heat in the ordinary 

Conversing on this 
ago, we came to the con 
might cause (1) an 
vibration. To get 
heat, spin-heat, and vohbi 
energy had no effect hij 
had been obtained, and, 
had no effect in prorlucii 
trical energy generally 
effective in the case of 



el 



exten sion 
concrete 



leyond all question that not only are both 
) spectra and line spectra visible in the case 
but that many of the metallic elements with 
. in the sequel have at least two sets of lines 
suiting from, the action of widely differing 



iipention that the different chemical elements 
regard to the action of heat and elcctricily 
the solid to the liquid and vaporous forms; 
onus of energy are apt to behave very differ- 
as opposed to the elements which generally 
the first differentiation ; the elements of low 
lelting point as opposed to the rest, is the 



heat-energy can go so far, we first get an 
of the molecules, and ultimately the latter are 



ten 



nv 



ision electricity, on the other hand, increase 
rolved, and hence we may have effects similar 
temperature, with scarcely perceptible effects 



souse. 



nbject with my friend Clifford, many years 
usion that the energy imparted to a molecule 
of free path : (?) a rotation ; and (3) a 
images of these effects we spoke of jwth- 
'-kettt. The facts seemed to show that heat 
reducing line-spectra until the two first results 
further, that in all gases and many metals it 
g vibrations ; while, on the other hand, elec- 
ted as if it began at the third stage and is 



a; 



every chemical substance without exception. 



©2010 Forgotten Books 



www. forgottenb ooks.org 



30 



However this may l>o, we now know th;it many elements present 
changes at several widely differing stages of heat. The line spectra of 
elements like sodium, lithium, and others may be obtained by the heat 
of ihe flame of a .spirit lamp, or an ordinary Bunsen's burner, the snli- 
sta:ice being introduced into the flame by a clean platinum wire twisted 
into a loop at the end. 

This temperature has no effect upon iron and similar metals. To 
get any special spectral indication from them a higher temperature 
tha.i that of the Eunsen is required ; the blowpipe flame may be resorted 
to; 
coa 



flutl 

spe 

are 

(foi 

of 

pr< 



line 



set 



two 
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in this a stream of air is blown through the centre of a flame of 
gas burning at the end of a cylindrical tube. 

We get in this way what is called a " flame-spectrum," in which 
ings and some lines are seen. In order to obtain the complete line- 
:tra of some of the less volatile metals, like iron and copper, we 
driven to use electrical energy and employ the voltaic current, and 
choice) metallic poles, which are so strongly heated by the passage 
he current that the vapour of the metal thus experimented on i.s 
lueed and rendered incandescent. 

We may say generally that no amount of heat -energy will render 
visible the spectra of gases. These are obtained by enclosing the gases 
in £ lass tubes, and illuminating them by means of an electric current. 

may go further and say that the ordinary voltaic current used in 
labiratories is equally inoperative. We must have the induced 
current, and with different tensions different spectra are produced. 

We have then arrived so far. 1 leat-energy, which does give us 
■spectra in some cases when metals are concerned, fails us in the case 
of ihe permanent gases and many metals. A voltaic current gives us 
spe< tra when metals are in question, but, like heat-energy, it will not 
,he particles of the permanent gases vibrating. 

But when both metals and the permanent gases are subjected to the 
action of a strong induced current, that is, a current of high tension, 
whe n an induction coil with Leyden jars and an air break are employed, 
we ;et this vibration ; gases now become luminous, a distinct change in 
spectra of the metals is observed, a change as well marked, or 
perhaps better marked, than any of the previous lower temperature 
changes to which I have already drawn attention. 

When the tension is still further increased, the differences in the 
spcitraare most marked in the case of gases, for the reason that, being 
enclosed in tubes, they cannot escape from the action of the current ; 
all ihe molecules are equally affected. The spetinua is niwictiiw.i XOT n 
tl out. Iii the case of the metals the spark is made to pass between 
small pointed poles, and the region of most intense action is a very 
limi:ed one ; we get from the particles outside this region the spectrum 
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obtained with :i lower degree of electrical energy. 
-mi'-M imi'. Even when we take the precaution of thn. 
of the spark on the slir. of the spectroscope, the out 
pierced by the line of sight add their lines to the 
centre. 

Xot only so, hut the individuality of the various 
comes out in a remarkable manner. 

To take one or two instances. I will begin with 
weak and strong induced current. Hydrogen gives us 
a structure spectrum, a spectrum full of lines ; this eh; 
Oxygen gives us series which change into a complicated 
which no series has been traced. Nitrogen gives us a 
which changes into a complicated line-spectrum. 

I next pass to the metals, and again, for brevity's 
with three substances only. In the case of inajfne 
calcium, the changes observed on passing from 
are to that of the spark have been minutely obsen 
lines are added, or old ones are intensified at the big 
Such lines have been termed mhiiweil Jiv*. 

These enhanced lines are not seen alone ; as in the ( 
so in the are outside the region of high temperature ii 
produced, the cooling vapours give us the lines visible 
p era t nre. 

Bearing in mind what happens in the case of the g; 
ceive the enhanced lines to be seen alone at the highest 
a space sufficiently shielded from the action of all 
hat such a shielding is beyond our laboratory expedi 
shall show, in the atmospheres of the stars we have pro I 
approximation open to our observation of that e<ju; 
condition to which I have referred. 

The enhanced lines are very few in number as com 
seen at the temperature of the arc. In the case of 
reduced to tens. 

The above statements arc only general ; if we i 
metals, more stages of temperature are required, and 
evident that different kinds of spectra are produced a 
perature in the case of different elements ; in other 
different heat-levels changes occur, always in one diree 
widely for different substances at the lower teinpci 
highest temperatures- at the limit -there is much 
in the phenomena observed if we disregard the quest i 
considered from the scries point of view, there is no 

It is obvious that with all these temperature effect 
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linespectrum in 
iluteil spectrum. 



sake, I will deal 
•inm, iron, and 
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In each new 
her temperature. 



low 21 



iron 



use of the spark, 
which they are 
at a lower tem- 



.ses, we can con- 
tempera tuve in 
■ temperatures, 
nts ; still, as 1 
iably the closest 
y heated space 



lared with those 
thousands are 



iclude the non- 
it then becomes 
the same tcm- 
ivords, at many 
ion, but differing 
atuies. At the 
[■eater constancy 
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observed in a 
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their appear a 
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including sevc 
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3. The 
enhancement 
brightness of 

4. A spec 
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conceive to 1 
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cif elements, very many comparisons are rendered possible, 
ge-t that if dissociation is really in question, in some 
more than two -implifi cations in the line stage are 
xplain the facts. It is possible that the effects at first 
juUntity may be due to the presence of a series of molecules 
rrrplexities, and that this is the true reason why the more 
ssoeiate, the more time is required to run through the 
better the rirst stages are seen/'* 

general statement of the changes in spectra observed to 
iange in the c|i)amitv and kind of energy tised in the 
propose to refer briefly to the most recent work on this 
ng the changes observed on passing from the arc to the 
ise of many of the metallic elements. By the kindlier 
pottiswoode, the photographs of the enhanced lines have 
by the use of the large induction coil, giving a 40-iueh 
y belonging to I'r. Spottiswoode, P.R.S. I am anxious 
re my deep obligation to Mr. Hugh Spottiswoode for 



spur 
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ich a magnificent addition to my instrumental stock-in- 

obtained by means of the Spottiswoode coil is so luminous 
: persiocs than those formerly employed can be effectively 
jonseqnence of this, the detection of the enhanced lines 
easy ; their number therefore has been considerably 

her temperature enhanced lines have been found Lo mase 
ice in the spectra of nearly all the metals already ex- 
is. one exception, 
then all changes at the lowest temperatures, but 
flame spectrum, four distinct temperature stages are 
lie varying spectra of the metals ; for simplicity I limit 
as an example. These are : — 

spectrum, consisting of a few lines and flutings only, 
ral well-marked lines, some of them arranged in triplets, 
i spectrum, consisting, according to Rowland, of 2,000 



itl itim 



aine 



k spectrum, differing from the arc spectrum in the 
of some of the short lines and the reduced relative 
'thers. 

t rum consisting of a relatively very small number of lines 
intensified in the spark. This, as stated above, we can 
e visible alone at the highest temperature in a space 
ded from the action of all lower ones, since the enhanced 

* Pr-x. Bon. Soc, 1->T9. >"o. 200. 
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like those of a metal when ,i compound of .1 metal is 
the action of heat. 

if each element, at whatever temperature it is produced, 
c compared in relation to position in the spectrum with 
e in celestial bodies with a view of determining whether 
:ists in them. 

tine at which the earlier inquiries of this kind wore made 
possible for the most part to deal with eye observations of 
bodies. The results were, therefore, limited to the visible 



it to 



This has been 
and it has lice 
and stars. 

How marv 
have been, I 
anticipation t 
spectrum of 
part of the 
which it exist; 
been regarded 

This last 
should carry 
the change of 
enhanced 



sun 



lines 



have alongsidle 



which of eon 
reunite. For 
which to store 
now provided 
Although 
generally, T n 
spectrum actu 
thing was dim 
are now, face 



last few years photographs of the spectra of the brighter 
sun's chromosphere during eclipses have been obtained : 
importance, therefore, to extend the observations of terrcs- 
the photographic regions for the purpose of making 
is which were necessary for continuing the impiiry. 
work has been done with this object in view. 
] which the enhanced lines have been used is as follows, 
ng to some of the chief metallic elements have been 
i", and thus form what 1 have termed a " test-spectrum.'' 
treated as if it were the spectrum of an unknown element, 
i compared with the various spectra presented by the sun 



ellous, how even magnificent, the results of this impiiry 
;hall show later in detail ; but I may here say by way of 
iat the test-spectrum turns out to be practically the 
t[he chromosphere, that is, the spectrum of the hottest 
that we can get at ; and that a star has been found in 
almost alone, nearly all the lines of which hail previously 
as "unknown." 

■esult is of the highest order of importance, because ii 
conviction home to many who were not satisticd with 
spectrum as seen in a laboratory, where always the 
seen in the spectrum of the centre of the spark 
them tho lines in the spectrum of the outer envelope, 
se is cooling, and in which the liner molecules should 



twenty years 1 have longed for an incandescent bottle in 
what the centre of the spark produces. The stars have- 
it, as I shall show. 

1 have promised to pass over the history of the work 
list still point out that the enhanced Hues in the test- 
illy include all those first studied years ago when every - 
and we were seeing through a glass darkly; not as we- 
0 face. To show the rigid connection of the new with 
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the old, it is desirable to refer briefly to some of the work undertak 
in relation to some of the first anomalies noted. 

One advantage of this method of treatment is that it shows th*t 
the immense mass of facts now available supports all the conclusions 
drawn from the meagre evidence available a quarter of a century age 

Some of the anomalies were as follows : they are given as specimens 
of many. 

1. Inversion of intensity of lines seen under different eirentn- 
stances. 

I showed in 1870 that there was no connection whatever between 
the spectra of calcium, barium, iron and manganese and the chromo- 
sphere spectrum beyond certain coincidences of wave-length. The 
long lines seen in laboratory experiments are suppressed, and the 
feeble lines exalted in the spectrum of the chromosphere. In the 
Fraunhofer spectrum, the relative intensities of the lines are quite 
different from those of coincident lines in the chromosphere. 

2. The simplification of the spectrum of a substance at the to 
perature of the chromosphere. To take an example, in the visi 
region of the spectrum, iron is represented by nearly a thousand 
Fraunhofer lines ; in the chromosphere it has only two re present at ii 

3. In sun spots we deal with one set of iron lines, in the clirorjio- 
sphere with another. 

4. At the maximum sun-spot period the lines widened in spot 
spectra are nearly all unknown ; at the minimum they are chiefly i.iie 
to iron and other familiar substances. 

5. The up-rush or down-rush of the so-called iron vapour in i lie 
sun is not registered equally by all the iron lines, as it should be on 
the n on -dissociation hypothesis. Thus, as I first observed in lt^O, 
while motion is sometimes shown by the change of refrangibility of 
some lines attributed to iron, other adjacent iron lines indicate a stitc 
■of absolute rest. 

Laboratory work without stint has been brought to bear, with a 
view of attempting to explain the anomalies to which attention has 
been directed. 

I only refer here to the work done on iron, magnesium and calch m, 
to show that in those metals the anomalies were to a large extent due to 
the lines now termed enhanced — that is. the lines seem to considerably 
change their intensities when the highest temperatures are employee 



Iron . 

In the course of my early observations of the spectrum of 
chromosphere, I discovered on June 6, 1809, a bright line at 1471 



the 
on 
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Kirehhoff's scale, which I stated to be coincident with 
On June 26 I discovered another at UQQS'-i of the same 

The later researches on the spectrum of iron have 
iron line which I observed in hs69 to be coincident 
chromospherie line at 1474 on Kirehhoff's scale, having i 
531G"79, is an enhanced line, agreeing absolutely with 
determination of the wave-length of the 1474 ehromos 

Similarly the line at 2003-4 of Kirehhoff's scale, wit 
of 4924, is also an enhanced line of iron. 

The first experiments were made to explain im 
Italian observations of the chromosphere which proved 
only these two lines of iron in the part of the speed 
observed; the ordinary spectrum of iron, in which 460 
mapped at that time, was entirely invisible. 

The anomalies were investigated in the experi 
sparks produced by quantity and intensity coils, with 
in the circuit. The outcome of these experiments was fr 
chromospherie representatives of iron were precisely 
were brightened on passing from the arc to the spark, 
widened in spots corresponded to a lower temperature. 

The next anomaly observed was that in a sun spot 
.4924 often indicated no movement of the iron vapour, 
iron lines showed that it was moving with considerable 

It seemed perfectly clear then that in the sun 
dealing with iron itself, but with primitive forms of 
in iron which are capable of withstanding the high tern 
sun, after the iron observed as such has been broken up 
by Brodie."* 

On this view, the high temperature iron lines of thr 
represent the vibrations of one set of molecules, while 
are widened in spots correspond to other mo 
Similarly, the idea of different molecular groupings 
factory explanation of the varying rates of movement 
indicated by adjacent lines, the lines being produced b 
different molecules at different levels and at different ter 
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a line of iron, 
seale. 

shown that the 
with the bright 



wave-length of 
Young's latest 

ric line, 
l a wave-length 



own and the 
the presence of 
rum ordinarily 
lines had been 

mejit.il work with 
I without jars 
) show that the 
e lines which 
ivhile the lines 



Magnesium. 

In 1879 I passed a spark through a flame charged w 



■different substances. In the case of magnesium the efi'ee 
temperature of the spark was very marked : some of 
being .abolished, while two new ones made their 

* 2v£r. Roil Sue, vol. xSsii, V :23k 
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them at 4481. The important fact was 
flame did not appear among the Fraunh^fer 
of the spark did appear. 

This line at 4481 now takes its place 
those of iron previously mentioned ; spc< 
more general one. 

Here again the experiments pointed 
tion at different temperatures as the 
some of the magnesium lines in the 

From these experiments, the results 
mapped in relation to the various heat-! 
mens, I drew the following conclusions 

" 1 think it is not too much to hope 
maps, showing the results already oht 
varying temperatures, controlled hy o 
under which changes are brought abou 
that various ilmodnluinx of the molecnl 
brought about hy different stages of heat 
enable us to determine the mode of cvo 
vibrating in the atmospheres of the hi 
of which the solid metal is composed, 
with the greater confidence, because I f 
various converging lines of work." 



tinong the enhanced lines like 
ial cases now form pait of the 



Fran nhof 



■lei' 



ii 



i.'iihitint. 

In 1876 I produced evidence that the 
molecular grouping of calcium which gi 
cipal line at 422(V9 is nearly broken up 
up in the spark, explainer] the facts whic 
line loses its importance in the spectrum 
are by far the strongest lines 

I summed up the facts regarding ca 
the blue line differentiated from H and 
spectrum while they are thick, and by 
they arc thin. We have it again differ' 
sence in solar storms in whieh they ai 
finally, by its absence during eclipses, \ 
been the brightest seen or photographed 

I afterwards attempted to carry the 
ing the spectra of sun spots. In all 
reversed over the spots, just as Youn. 

* Proc. Rot/. Soc, 1S79, toI. iss, p. 30. 
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that the lines special to the 
lines, while some of those 



0 varying degrees of dissocia- 
c&use of the non-appearance of 

er spectrum, 
of which were subsequently 
;els indicated by solar pheno- 
1879 

that a careful study of such 
inert, or to be obtained, at 
oservations of the conditions 
;, will, if we accept the idea 
es present in the solid are 
, and then reverse the process, 
ution by which the molecules 
itte3t stars axxoritite into those 

1 put this suggestion forward 
s|ee that help can be got from 



working hypothesis that the 
'es a spectrum having its prin- 
in the sun, and quite broken 
h are that the low temperature 
of the sun, in which H anil K 

l|cium as follows We have 
x by its thinness in the solar 
its thickness in the arc while 
■cntiated from them by its al>- 
e almost universallj' seen, and, 
hile the II and K lines have 

matter further by photograph- 
cases II and K lines were seen 
saw them at Sherman, while 
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the bine calcium line was not reversed. The < 
graphs which has been preserved bears the date 

The experimental results in the ease of calciui' 
suit with those obtained from iron and magneshm 
the cause of the inversion of intensities in the 
tinder different circumstances is due to the vary in 
tion brought about by different temperatures. 

Both in the case of iron, magnesium and calcii 
ture lines involved are not seen at all at lower tc 
in the case of calcium, when photographic exposure 
tion have been employed. It should be sufficie 
body from this that temperature alone is in question 
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>ldest of these photo- 
Lpril f, 1881. 
i, therefore, followed 
i, and indicated that 
lines of a substance 
i degrees of dissocia- 



Finally, then. The similar changes in the s 
incuts, changes observed in laboratory, sun and : 
-sulliciently explained on the hypothesis of dissoeliatioi 
this, so far no other explanation is forthcoming w 
harmonises the results obtained along the differei 
is this all : as 1 shall show later on, there a 
physical inquiry which suggest the same hypothesis. 



in, the high tempcra- 
nperatures, and even 
of 100 hours' dura- 
y obvious to evei'v- 



icctra of certain de- 
bars are simply and 
i. If we reject 
hich co-ordinates and 
: lines of work. Xor 
e other branches of 
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BOOK II.— APPLICATION OF THE INQUIRY TO THE HUN 

AND STARS. 



Chap. IV. — The Sun's Chromosphere. 



the 
ines 
had 
and 



I stated in the previous chapter (p. 33), that in order to utilize 
information placed at our disposal by the discovery of the new 
seen in the spectra of metals exposed to high temperatures, I 
brought the enhanced lines of the chief metallic elements together, 
thus formed a " test-spectrum " to use as a new engine of research in 
regions of work where help might be expected from it. 

In this chapter ] shall deal with the application of this test-spect 
to a study of the sun. 

It is obvious that the general spectrum of the sun, like that of tars 
generally, is built up of all the absorptions which can make thenn 
felt in every layer of its atmosphere from bottom to top, that is 1 
the photosphere to the outermost part of the corona. It is important 
to note that this spectrum is rlumgelp.xs from year to year. 

Now sun spots are disturbances produced in the photosphere; 
the chromosphere, with its disturbances, called prominences, lie din 
above it. Here, then, we are dealing with the lowest part of the t 
atmosphere. We find first of all that in opposition to the chaiis 
general spectrum, great changes occur with the sun-spot period, 
in the spots and chromosphere. 

The spot spectrum is indicated, as was found in 1866, by the widen- 
ing of certain lines ; the chromohpheric spectrum, as was found in 1 
by the appearance at the sun's limb of certain bright lines. In 
cases the lines affected seen at any one time are almost always 
tively few in number. 

Since 1868 we have been enabled to observe not only the spectrum 
of the sun's spots, but that of the chromosphere as well, every 
when the sun shines. The chromosphere is full of marvels. At 
when our knowledge of spectra was very much more restricted 
now, almost all the lines observed were unknown. In 1868 I s; 
line in the yellow, which I found behaved very much like hydrc 
though I could prove that it was not due to hydrogen ; for laboratory 
use the substance which gave rise to it I named helium. Next year, 
as I stated in the last chapter, 1 saw a line in the green at 14' 4 of 
Kirchhoff's scale. That was an unknown line, but in some subseqient 
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1>. IV.] the sun's chromosphere. 39 



e arches I traced it to iron. From that day to this we have observed 
a large number of lines. 

Rut useful as the method o£ observing the chromosphere without 
eclipse, which enables us 

. . . to feel from world to world," 

as Tennyson has put it, has proved, we want an eclipse to see it face to 
face . 

During the eclipses of 1893, 1696, and 1S9S, a tremendous flood of 
HgH has been thrown upon it by the use of large instruments con- 
stricted on ;i plan devised by ltespighi and myself in 1871. These 
us images of the chromosphere painted by each one of its radia- 
tions, so that the exact locus of each chemical layer is revealed. One 
of the instruments employed during the Indian eclipse has also been userl 
in photographing metallic spectra and tin; spectra of stars, so that it is 
nov easy to place photographs of the spectra of the chromosphere ob- 
tained during a total eclipse, and of the various metals and stars side 
side. 

As in the case of the photographs taken with the prismatic cameras 
893 and 1896, the spectrum of the chromosphere in 1898 is very 
difierent from the Fraunhofer spectrum, so that we have not to deal 
witjh a mere reversal of the dark lines of ordinary simliglit into bright 
s. 

Many very strong ehromosphcric lines, the helium lines for example, 
not represented among the Fraunhofer lines, while many Fraunhofer 
lilies are absent from the ehromosphcric spectrum (Fig. 23). 

But the most remarkable result is that in the eclipse photograph of 
chromosphere spectrum, the most important of the metallic lines 
precisely those included in the " test-spec trnm " (Fig. 22). This 
rtograph in fact deals chiefly with the enhanced metallic lines. 
1 recognise in this result a veritable liosetta stone, which will 
hie us to read the terrestrial and celestial hieroglyphics presented 
us in spectra, and help us to study them and get at results much 
re distinctly and certainly than ever before. The result proves 



conclusively that the absorption in the sun's atmosphere which pro- 
duces the Fraunhofer lines is not produced by the hottest lowest 
stratum, the chromosphere. 

It is imperative in order to clear the ground for the future study 
stellar spectra, to inquire fully into the true locus of absorption. 
2 of the most important conclusions we draw from the Indian 
ipse is that, for some mi-sou or other, the lowest hottest part of the 



sui's atmosphere does not write its record among the lines which build 



the general spectrum so effectively as does another. 
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This conclusion differs considerably from the opinion gc 
In my paper on the eclipse of 1893,* I referred at 1 
point. The matter is so important that 1 do not h 
what 1 then said. 

"As a result of solar spectroscopic observations, 
laboratory work, Dr. Frankland and myself came to th 
in 1869, that at least in one particular, Kirchhoffs 
solar constitution required modi he at ion. In that year 
.follows : — t 

" ' May not these facts indicate that the absorption 
reversal of the spectrum and the Fraimhofer lines ar 
place in the photosphere itself, or extremely near to it, i 
an extensive outer absorbing atmosphere ? ' 

'■In an early observation of a prominence on April 1 
found hundreds of the Fraimhofer lines bright at th 
remarked that 'a more convincing proof of the theory 
constitution put forward by I>r. Frankland and myself c 
have been furnished.' £ 

" During the eclipse of 1870, at the moment of dis; 
the suit, a similar reversal of lines was noticed ; we h 
Professor Yomig, ' a sudden reversal into brightness a 
the countless dark lines of the spectrum at the comin 
totality.' On these observations was based the view that 
region some 2" high above the photosphere, which rev 
the Hues visible in the solar spectrum; and on this grou 
' reversing layer' was given to it. 

" Continued observations, however, led me, in 1873, 
the view that the absorption phenomena of the solar s 
produced by any such thin stratum, and convinced me tha 
tion took place at various levels above the photosphere, 
give the evidence here ■ it is set forth in my L'hemiMr;/ 
On the latter hypothesis the different vapours exist 
different distances above the photosphere according to th 
resisting the dissociating effects of heat. 

"ily observations during the eclipse of 1882, in the st 
preceding totality, to my mind set the matter at rest. ' \V 
one short and brilliant line constantly seen in pr 
seen in spots. Next another line appears, also constau 
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* FMl. Trans., lb'JG, vol. clssxvii, A, p. 603. 

t 1'roc. Say. Soc, toI. ivii, p. .Si. 

X Ibid., ioL xviii, p. 353. 

§ Chapter XXII, pp. 303 -309. 

|| Proc. Hoi/. Soc, toI. xssir, p. 21)2. 
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ccs; and now, for the first time, a hmger and thinner line 
Dccasionally noted as widened in spots; while, last of all, 
cry long, very delicate relatively, two lines constantly seen 
in spots, and another line, not seen in the spark, and never 
.led as widened in spots.'* 

is one of the most mportant points in solar physics, lint 
not yet a concensus of opinion upon it. Professor Young 
■s, apparently, still hold to the view first announced by Dr. 
1 and myself in the infancy of the observations, that, the 
absorption takes place in a thin stratum, lying close to the 
>re." 

t proceeded to discuss the numerous photographs obtained 
eclipse, and I gave a map showing that there was only the 
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IXORfiAN'IC EVOLUTION. 



[chap.' 



relation between the intensities of the lines common to the 
lei' and the eclipse spectrum, and further, that only a few of 
ihofer lines are represented at all. Not only this, but in the 
otographs there are many bright lines not represented at all 

Fraunhofer lines, 
diromo sphere, which represents that part of the sun's atmo- 
ulerlying the true reversing layer, is admirably pourtrayed in 
(graphs of the eclipse of IfiOA. So complete is the record 
quite sufficient for our present purpose, and is the more to be 
since it represents it at the same instant of time; I have 
s pointed out that Young's list of chromospherie lines may be 
ig because it is a summation of results obtained at different 
.d of different conditions; prominences even may be, and 
are, involved. The lengths and intensities of the lines arc 
■ recorded in the photographs. 

lamination of the eclipse photographs shows that the tempera- 
the most luminous vapours at the sun's limb is not far from 
need by an electric spark of very high tension, the lines, 
have seen to be enhanced on passing from the arc to such a 
g present. 

:hromosphere, then, is certainly not the origin of the Fraun- 
es, either as regards intensity or number. From the eye 
cms made since 1868, there is ample evidence that the quiescent 
OS] mere spectrum indicates a higher temperature than that at 
m.ich of the most valid absorption takes place; in other words, 
J)Hty of the lines associated with lower temperature are pro- 
ove the level of the chromosphere, and hence the true reversing 
inktcad of being at the bottom of the chromosphere, as held by 
really above it. 

* 1'roc. Roy. Sec, \o\. xixiy, j». 207. 
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The eclipse photogra 
by the relative lengths of 
need not locate the 
hy the Fraunhofcr lines at 

I may say that for soni 
of the darkest lines indicated 
for the reason that the br 
might have an important 
superposing radiation, and 
observations of the eclipses 
that this opinion is prohal 
sun's atmosphere close 



a lie v 



s, however, at the same time afford evidence 
some of the lower temperature lines that we 
which produces the absorption indicated 
any great height above the chromosphere. 
: time I was of opinion that in the sun many 
absorptions high up in the atmosphere, 
ght continuous spectrum of the lower levels 
effect upon line absorption phenomena hy 
so diminishing the initial absorption. The 
of 1893, 18% and 1898, however, indicate 
ly only strictly true when the strata of the 
re the photosphere are considered. 



Let ns next turn to th 
see if we can get any effect 

In this matter we aie 
certainly the phenomena 
visible, full of awe and grknd 



ing to the student of sci 
prominences with the sun- 
It happened that I was 
1871 at the maximum of t 
mum ; the corona of 1871 
thing could be. In 1871 « 
presence of gases, nanieh 
called eoronium. In 187^ 
stated that probably the e 
the corona would be found 
and recent work has borne 
1 have now specially 
graphed in 181)8 in India 
ing that an important poi 
it enables us to separate 
prominences. 

One of the chief results 
tion of several lines of pr 



have not been recognised 
Like the lowest 

layer does not write its 

general spectrum. 

Up to the employment 

tion had been directed to 

nary spectroscope no true 
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highest regions of the solar surroundings to 



ive help from them. 

dependent absolutely upon eclipses, and 
observable when the so-called corona is 
eur to all, are also full of precious teach- 
inee. The corona varies like the spots and 
spot period. 

the only person that saw both the eclipse of 
he sun-spot period and that of 1878 at mini- 
ras as distinct from the corona of 1878 asany- 
e got nothing but bright lines indicating the 
' hydrogen and another since provisionally 
we got no bright lines at all ; so 1 then 
langes in the chemistry and appearance of 
to be dependent upon the sun-spot period, 
out that suggestion. 

o refer to the corona as observed and photo- 
by means of the prismatic camera, remark- 
it in the use of the prismatic camera is that 
spectrum of the corona from that of the 



the 



s obtained is the determination of the posi- 
jbably more than one new gas, which, so far, 
is existing on the earth, 
hottest layer, for some reason or other, this upper 
TBcord among the lines which build up the 



of the prismatic camera insufficient atten- 
tlhe fact that in observations made by an ordi- 
measure of the height to which the vapours 
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an 



or gases extended above the sun could be obtained; early obsen 
in fact, showed the existence of glare between the observer 
dark moon ; henee it must exist between ns and the sun's su 
ings. 

Tlie prismatic camera gets rid of the effects of this glare, 
results indicate that the effective absorbing layer — that namely 
wives rise to the Frannhofer lines— is much more restricted in 
than was to be gathered from the early observations. 



iind its 
which 
iness 



thick 



We learn from the sun, then, that the absorption which deli 
ordinary spectrum is the absorption of a middle region, one 
both from the highest temperature of the lowest reaches of th 
sphere where most tremendous changes are continually going 
from the external region where the temperature must be 1 
where the metallic vapours must condense. 

This is the first great teaching of the test-spectrum. Tl 
chapter will deal with the second. 



nes its 
shielded 
at mo- 
on, and 
, and 



o \v 



ations, 
d the 
round - 



e next 



©2010 Forgotten Books 



www. forgottenb ooks.org 



Chap. V. — Stellar Atmospheres. 
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atory work undertaken with the view of attsmptiug t:> 
s of the various phenomena presented by the sun had 
n stage, it became necessary to endeavour to get an 
sun's place among the stars by a discussion of all the 
;roscopic observations which might throw light upon the 
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* The Me 



time a very large number of the most important line.?, 
tnd dark, recorded in stellar spectra were of unknown 
inquiry, therefore, in the case of all the hotter stars had 
1 he spectral lines as hieroglyphics, riot as special chemical 

33. 

began the inquiry, the prevailing ideas were that the first 
star's life was one of the highest temperature, and that all 
ss observed were due to different stages of cooling having 
"With regard to the nebulas, they, it was imagined, 
Tent order of created things from the stars, 
rer the old views, among thein one that the nebuhe were 
thing dark, which enabled us to sec something bright 
another that they were composed of a fiery fluid, I may 
long ago they were supposed to be masses of gases only, 
very high temperature ; and it was also suggested that 
, represented the residua in space left after all the stars 



ance 



for ned. 
hot 



of this inquiry forms the subject matter of two com- 
ies,* so I need not dwell upon it in any detail here. Hut 
that I should state, as briefly as may be, the results to 
iicxission of all the then available spectroscopic observations 



observations were satisfied by the working hypothesis of 
of all cosmical bodies from meteorites, the various stages 
the spectra being brought about by the various conditions 
from the hypothesis. 

Ice present us with the first stage. They are taken to lie 
of meteorites colliding together, and thus producing 



which spectroscopically is found to be due to permanent 



eorilic Hypothesis and The Sun's Place in Nature. Ifaemillan. 
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gases, hydrogen and the cleveite gases ami carbon co 
out of the meteorites as a result of the heat produced by t 
and to a less extent to the low temperature lines of some of 
metallic elements known to exist in meteorites. 

"We have then to deal with the colliding particles 
and the permanent gases given off and filling the intersp;: 
perature is relatively low; since gase^ may glow at a low 
as well as at a high one, the temperature evidence depci 
presence of cool meta)lic lines and the absence of the enh 

The nebulae, then, are relatively cool collections of ? 
manent gases and of some cool metallic vapours, and 
metals are precisely those 1 have referred to as writing 
most visibly in stellar atmospheres. 

If the nebula; are thus composed, they are bound to 
centres, however vast their initial proportions, however 
first distribution of the cosmic clouds which compose 
meteorite, the motion of which is stopped by collisions, 
fall to the centre of gravity of the swarm. 

Each pair of meteorites in collision puts us in mental 
what the final stage must be. We begin with a feeble . 
metallic vapours round each meteorite in collision ; the 
the meteorites is filled with the permanent gases driven 
afield, and having no power to condense. Hence dark 
bright gas lines. As time goes on, the former must pr 
the whole swarm of meteorites will then form a gaseous s 
strongly heated centre, the light of which will be 
exterior vapour. 

As condensation goes on, the temperature at the centre 
tion always increasing, all the meteorites of the parent s\ 
are driven into a state of gas. The meteoritic bombardm 
now ceases for lack of material, and the future history of 
gas is, speaking generally, that of a cooling body, the vie 
in the atmosphere while condensation was going on now b( 
by a relative calm, producing a quiescent reversing layer 
tion of which alone enables us to define the temperature oi 

The temperature-order of the group of stars with br 
well as dark ones in their spectra, has been traced, and 
indicating the spectral changes have been as carefully s 
in which absorption phenomena are visible alone, so that 
very few breaks in the line connecting the nebula; with the 
verge of extinction. 

"We find ourselves here in the presence of minute detai 
the .workings of a law associated distinctly with tenip( 
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this, we are also in the presence of high temperature fur- 
irely shielded by their vastness from the presence of those 
* phenomena which we are never free from in the most 
cenditions of experiment we can get here. 

:s to the spectroscope, the old guesses have now been replaced 
■efeult of a general inquiry, in which hundreds of thousands of 



observation 
able that 



& 




o 

' — I 



s 
5 



a 

a have been used, and for my part I do not think it probr 
the scheme of celestial evolution which I have sketched above 
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and which is indicated in th> 
greatly changed in its esscn 
induction. 

When this view of celes 
result of the wide spec 
of the Hues in the nebulre, 
were of unknown origin ; 
their presence as criteria, w 
lower groups I, II, and VI, 
fi cation of many metallic fin 

When engaged later on, 
ingto their photographic /perf 
of lines of unknown origin, 
of intermediate temperature 

After the discovery of ( 
Ramsay, I showed in a seric: 
Society,! May — September, 
obtained by the process of 
extent for the first set. 

This result proved to be 
IV, which contains the h 

In 1897, in a series 
Society, J I pointed out that 
the stars of intermediate 
were due to the enhanced 
lines being almost entirely s 

The recent developments 
tion of a " test-spectrum," 1 
result of this has been to g 
the first observations. 

In the accompanying pb 
the lines of a. Cygni and th 
together to form the " test-: 



accompanying temperature curve, will be 
tial points ; it rests upon so wide a basis of 

tial evolution was first formulated as the 
troscopic inquiry to which I have referred, most 
and in the stellar groups III, IV, and V r 
1 he groups were established by accepting 
thout any reference to chemistry. In the 
the chemistry was obvious, and the iden ti- 
lings made it clearer still, 
in 1893, in the classification of stars, accord- 
>■(!,* I came across two very important sets 
one in the hottest stars, the other in stars 

terrestrial source of helium by Professor 
of seven notes communicated to the Royal 
1895, that the elevcite gases, which I 
distillation, accounted to a very great 



ottcst 



re 



coincidences is seen at a glai 

The number of lines meoi 
Kensington between \ 379S 

Of these the number whit 
enhanced metallic lines so 



* Phil. Tram., A, vol. elxxxi 
+ 1st note, Proc. Hay. Soc, v. 

ibid., vol. Iviii, p. 111! ; 4tli, ibid. 

(Jth, ibid., vol. lix, p. 4; 7th, Hid 
J Proc. Hoy. Soc. t vol. Is, p. ■ 
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the key to the chemistry of groups III and 
stars. 

)f three communications to the Royal: 
some of the other set of unknown lines in 
irature, taking «. Cygni as an example, 
irk lines of iron and other metals, the arc 
nt. 

of this research, and the ultimate forma- 
ave been referred to in Chapter III. The 
;atly strengthen the argument based upon 



tempe 
spi 
a bse 



itograph, a comparison is shown between 
3 enhanced lines of the substances thrown 
spectrum." The extraordinary number of 
ce. The facts are as follows : — 



urixl in the spectrum oF a Cygni .it 

1 and A 4S61 -(j id, 307 

li approximately coincides »ith the 
Ear observed is ., ., .. .. 120 



, p. 675. 

dl. Iviii, n. 07; 2nd, ibid., vol. Iviii, p. 113 ; 3rd, 
i toI. Iviii, p. 11)2 ; 5th, ibid., vol. Iviii, p. 103;. 
, vol. lis, p. 342. 

r75; Hid., vol. hi, p. 11S ; dbid., vol. lsi, p. 441. 
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The number of lines (excluding the hydrogen scrie-) in a. Cvgni of 

intensity over 4- (the maximum being represented by 10) is . . 4(f 

Of this number, the coincidences with enhanced metallic lines with 

the dispersion employed amount to .. ., .. .. .. 3f 



9 
< ~i 





< ej 




*H3 




n 



The lines of the stars of intermediate temperature, like a C -gin, 
have long been recognised liy the Harvard observers as well as I>v n vself 
as presenting great difficulties. 

K 
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mt 
ticy 



In 1893 I wrote its follow "s :* "With the exception of 
the lines of hydrogen and the high temperature line of n 
A44S], all tlie lines may he said to lie at present of iml; 
Some of the lines fall near lines of iron, lmt the absence of 
lines indicates that tne close coincidences are probably 
In the Harvard Sji'«im of lUiijhl Shu-*, 1.^97, p. 5, the fol 
occur, relating to the same stars : " This system of lines sljfinld 
lie regarded as forming a separate class, as in the case 
lines, and should not he described as 'metallic,' as has j 
in the absence of any more distinctive name." 

It will be seiin then that the second set of " unknown 1 
been as effectively disposed of by the determination of 
lines of the metallic elements as the first set was by the d 
cleveite gases. The secrets of the "unknown lines" i 
stars now stand revealed. 

Xow that the chemical story is so nearly complete, oi 
so much more complete than it was. we are in a position 
what the stars teach us concerning their chemistry; 1 
instance we must examine the origin of the information 
that is, amongst other things, we must study their absorbi 
and next their chemistry in relation to temperature. 

With regard to the origin of the absorption phenom 
for the most part, our inquiries will be directed; in 
sun, we have a star so near us that we can examine then 
its atmosphere, which we cannot do in the case of the 
stars. 

We have seen in Chapter IV the facts with regard 
that the most valid absorbing layer occupies a certain 
Atmosphere not high up, not at the bottom, but slig 
bottom — that is the chromospheric — layer. 

"Now the spectrum of Arcturus resembles the spectr 
almost line for line; what is true for the sun therefore 
true for Arcturus, which exactly resembles it. The 
have to consider is whether the absorption in stars genei 
.«peetmm indicates for us, takes place from tup to bottom 
sphere, or only in certain levels. 

In many of these, stars the atmosphere may be mi 
high. In each the chemical substances in the hottcs 
portions urn/ he vastly different ; the region, therefore, 
absorption takes place, which speetroscopically enabl 
criminate star from star, must be accurately known 
■obtain the greatest amount of information from our inqiijir 

* F1,U, Tram., A, t..I. "Ixxxiv, p. 6»4. 



the K line, 
aimesium at 
nown origin, 
the strongest 
accidental." 
owing words 
perhaps 
of the Orion 
leen done 



just 



nes " has now 
the enhanced 
.ery of the 
the hottest 



the 



mn 
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at all events 
to inquire 
in the first 
v afford us, 
g conditions, 



una, to which, 
case of the 
'creut par!.-; of 
more distant 



■htlv 



to the sou- - 
region in the 
above the 



u 111 



of the snu 
~t be equally 
ext point we 
lly, which the 
of the atmo- 



lions of miles 
; and coldest 
in which this 
;s us to dis- 
lefore we can 
' :'ies. 
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Assuming that tlitt most valid absorbing v 
star are nil near one temperature, we can pr 
origins of the spectrum lines by fi.T3t getting a el 
temperature from the extent of continuous spec 
nig into the presence or absence of the lines v 
spectra of various substances at that tempera 
absorptions take place ;it different levels in the 
the proper spectrum of each substance to be thus 
be determined by a comparison of the stellar wr 
of the substance under varying temperature com 

This method of looking for the longest lines 
stars which are hotter than our hottest spark. I 
we must necessarily rely on a comparison with 
study of the spectra at different temperatures, wi 
longest in the spectrum at a temperature high 
experiments can be cariied on. 

It is in connection with such an inquiry as 
the conditions of the sunV atmosphere is of su 
is why I have devoted the previous chapter to it 
knowledge of the solar conditions! must be of 
enabling us to apply a well-established series of 
ease of the star nearest to us, to the phenomena 
distant bodies. 

By doing this we have obtained facts which 
of the atmosphere the absorption takes place 
various phenomena on which the chemical class 
these facts we are bound to accept in a diseu 
stellar absorption in the absence of evidence to t' 
are justified in extending these general eonelusi 
shine in the heavens. T go further than this, 
presence of such definite results, it is not philosi 
the absorption may take place at the bottom of 
star, or at the top of the atmosphere of auotht 
rests upon those who hold such views. 



apours in any particular 



oqeed to investigate the 
te as to the probable 
:rum, and then inquh- 
hieh are longest in the 
;e. Tf, however, the 
atmosphere of a star, 
investigated can only 
h tile terrestrial lines 
itions. 

will fail in the case nf 
11 such case, therefore, 
lines which, from onr 
mild most probably be 
r than anv at which 



.101 1 



So much then, in brief, for solar teachiu 



gh in 

of the absorption of the lower parts of stellar atir 

If we are justified in arguing from a star 
well developed as that of the sun to one in which 
much less marked in conseuuenee of a much hig 
we must consider that the absorptions which ma: 
groups are more conditioned by the tempera tilir 
regions merely than by the thickness of the absof 
by the densities of the various vapours. Anoth 



ol 



this that the study of 
i'Cme importance, that 
It is obvious that a 
the utmost value in 
facts, gathered in the 
jresented bv the more 



suggest in what parts 
which produces the 
fication can be based ; 
:sion of the origin of 
te contrary. And we 
s to all the stars that 
and say that in the 
phical to assume that 
t|he atmosp.iere of one 
r. The onus jii'ohtinii 



relation to the record 
ospberes. 

nth a photosphere as 
it is in all probability 
ler temperature, then 
k out the various star 
■es ot the absorbing 
■bing atmospheres, or 
i' consideration to be 
C 2 
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borne in 
condense 
temper attire 



l 5 



region of 
Thef 



hotto.n 



same m 
curve, on 

In a 
meteoi 
of the so 
vapours 
in diffe 

In ;i 
action pr 
ft quiet 
to 

But still 
bodies el 
perature 
bodies o; 
find at 
curve, t 
many 
behavioi 
Now 
elusion 
neccssar 
was disc 
was bet 
graphed 



em 



Hie h 



rent 



a cm 



P" 



test-s 
hoth in 
Her 
the close 
in uotiu 
when iv 
identiea 
layer of 
' \Vhi 
is simihi 
the spec 
Uiver of 



mind is that if the atmospheres are in part composed of 
le vapours, and not entirely of gases permanent at all stellar 
, condensation must always be going on outside at the. 
lowest temperature. 

.^sorption phenomena in stellar spectra are not identical at the 
temperature on the ascending and descending sides of the 
account of the tremendous difference in the physical conditions, 
condensing swarm, the centre of which is undergoing 
ombardment from all sides, there cannot be the equivalent 
ar chromosphere ; the whole mass is made up of heterogeneous 
;it different temperatures, and moving with different velocities 
regions. 

■ondensed swarm, of which we can take the sun as a type, all 
oduced from without has practically ceased ; we get relatively 
ospherc and an orderly assortment of the vapours from cop 
, disturbed only by the fall of condensed metallic vapours, 
on the view that the differences in the spectra of the heavenly 
iefly represent differences in degree of condensation and tem- 
there can be, au /owe/, no great chemical difference between 
increasing and bodies of decreasing temperature. Hence we 
^qual mean temperatures on opposite sides of the temperature 
lis chemical similarity of the absorbing vapours proved by 
hits of resemblance m the spectra, especially the identical 
r of the enhanced metallic and eleveite lines, 
that the test-spectum has led ns to such a very definite eon- 
vith regard to a Cygni and other stars resembling it, it is 
; to turn back to Chapter IV, in which the solar atmosphere 
issed. It was pointed out what a marvellous resemblance there 
veen the test -spectrum and the sun's chromosphere, photo- 
during the eclipse of lt>98. If the spectra of the valid ahsoib- 
ere of a Cygni and of the sun's chromosphere resemble the 
rum as they do, the atmospheres must resemble each other, 
dieniistry and temperature. 

, then, we have an almost undreamt-of opportunit}' of noting 
connection between solar and stellar phenomena, not merely 
g the identity of the action of the "Sorbin;/ foyers as we do 
b find the spectra of the sun, Arc-turns and Capella, almost 
, line for line, but in studying the relation of the absorbing 
one star to the underlying layer in another, 
e we find, on the one hand, that the absorbing layer of the sun 
r to those of Arc turns and Capella, we find, on the other, that 
trnm of the sun's chromosphere resembles that of the reversing 
cc Cygni. The " test-spectrum " fits then/both. 



tmosph 
pect 
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Now the chromosphere by a well-known physical law must he 
hotter than anything outside it, hut we know that the reversing layer 






lies outside it, therefore the reversing layer of a Cygni must he hotter 
than the reversing layer of the sun. 

In the chromosphere of the enhanced lines are all of greater 

intensity than the corresponding Fraunliofcr lines, and they are also 
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relatively stronger, as ief erred to the 
the experimental spark. Hence, the inc. 
chromosphere must lie at a temperature ; 
spark, and certainly higher than that of i 
effective in the production of Frannhofcr 
The evidence is complete that the 
layer of a. Cygni is highcT than that of th|e 
What do ire find 1 Of lines disappearing 
calcium, magnesium, strontium, and so 
Of lines increasing in importance we ha\ 
ing the enhanced lines of iron, the lines 
which iv e cannot at present associate v 
substance. Here, then, we get a series o 



01 



ai iion 



and sufficiently explained hy the statement 
temperature of the sun to 2 Cygni, 
about, the complicated line spectrum of 
simple one consisting of the enhanced 1 
that the other metallic spectra are beliavi 

In passing from the absorbing layer c 
then, we pass from the arc lines of the met 
lines. Truly a mo*t tremendous change 
beyond all question. The significance of 

In the case of the sun. the enhanc 
one we could employ irith advantage. T> 
stars, stars that is, with the longest spect; 
These are so much hotter than the sun, I 
trinity of noting another break ; realh 
spectrum, that afforded by the summatioi 
the cleveite gases. 

As iv e have seen, the arc metallic lini 
metallic lines in stars of intermediate 
a Cygni, so, in the hottest stars the 
almost entirely, and give place to a spect 

To take iron a* an example, tor the 
seen then that the actual stellar phen 
dieted up to a certain point, from a c 
solar phenomena. But the stars carry iif 
we see the gradual increase of hydrogen 
facts demonstrate that as temperature 
find, together with the cleveite gases not 1 
iron which has disappeared 



ei 



■on 3 



TIUX. 
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arc lines, than they are in 
mdeseent iron vapour in the 
.t least as high as that of the 
he iron vapour which is most 
lines. 

emperature in the reversing 
reversing layer of the sun. 
we have the arc lines of iron, 
, some thousands in number, 
the small number represent- 
if hydrogen, and some others 
ith the name of any known 
phenomena which is simply 
that on passing from the 
g other changes brought 
iron is giving way to a more 
nes. Further inquiries show 
ig in the same way. 
f the sun to that of x Cygni, 
illic elements to the enhanced 
vhich the test-spectrum puts 
this will come later. 
I test-spectrum was the only 
ut in the case of the hottest 
um, we can go still further, 
hat they give us the oppor- 
of employing another te*t- 
of the lines of hvdroeen and 



t< mpe 



s give way to the enhanced 
erature, like our sun and 
hanced metallic Hues vanish 
um almost purely gaseous, 
lakii 01 simplicity, it will be 
cmena might have been pre- 
ideration of laboratory and 
further than our predictions ; 
and the cleveite eases. The 
increases hydrogen increases, 
>bvi«ns before, finally replaces 
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the Stars. 



The recent advances in our knowledge whici 
combination and interaction of solar, stellar ;i 
carried on by the aid of instruments of much g 
formerly used, have given vis a firm chemical 
stars in my classification of them. These groi 
discussing sequences of lines before the origii 
made out ; as 1 have already said, a series of 
placed hy chemical facts ; and we can now stu<|l 
stars, as well as their order in a system of clas 

The first question which naturally arises is 
elements make themselves visible indiseriniina 
bodies, so that practically, from a chemical 
appear to us of similar chemical constitution 1 

From the spectra of those stars which 
they consist of an interior nucleus surrounded \ 
absorbs the light of the nucleus, and which 
means of this absorption ; it is to be gathered 
some stars are chiefly gaseous, i.e., consisting o 
as gases here, of others chiefly metallic, of 
posed of carbon or compounds of carbon. 

Here then we have speetroseopically reveal 
considerable variation in the chemical eonstitn 
up the stellar atmospheres 

This, though a general, is still an isolate* 
nect it with another % 

By means of one of the first principles of sp 
to in Chapter T, we know that the hotter a thi 
produces a continuous spectrum, the further d 
into the violet and ultra-violet. 

Hence the hotter a star is, the further < 
iiiiuoux spectrum lengthen out towards the " 
■jntrihas, the less is it absorbed by cooler vapour 

Now to deal with three of the main grou| 
ollowiug \ery general result : — 



otl Le 



Ga=eous star- 
Metallic stars 
Carbon ttiir' 



Longest 
Medium 
S lio i 1 test 



i have come from the 
ud laboratory research, 
■eater power than those 
h|old on all the groups of 
ps were established by 
of the lines had been 
hieroglyphic* is now re- 
y the chemistry of the 
s fi cation, 
this : Do the chemical 
ely in all the celestial 
pof ut of view, the bodies 

This is not so. 
repemble the sun, in that 
■y an atmosphere which 
therefore we study by 
that the atmospheres of 
elements we recognise 



irs again mainly corn- 



id the fact that there is 
nts which visibly build 

statement. Can we con- 

ictrnni analysis referred 
ig is the light of which 
i)es tliL spectrum stretch 

l|oes its complete or cun- 
iltra-violet, and, minis 
i in its atmosphere, 
s of stars, we find the 



jjj (.»(.■( rum. 
spectrum, 
spectrum . 
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YVe have now associated two different series 
are entitled to make the following general sta 



[chap. 

of phenomena, and we 
;ement : — 



Gaseous stars 
Metallic stars 
Carbon stars 



Highest 
Mediuii. 
Lowest. 



temperature, 
temperature, 
tempo rat art. 



Hence the differences in apparent eliemicM 
ciated with difl'erences of temperature. 

This, then, is the result of our first in qui 
the various chemical elements in the atraospli 
We get a great diversity, and we know that t 
changes of temperature. We also find that 
pendently know to he a cooling star, and 
chemically. 

Can we associate with the two to which I 
tion still a third class of facts 1 

Laboratory work enables us to do this. 

The cleveite gas spectrum and the spectmn 
lines come to onr help and enable us to 
sttidving the appearance of these lines in s 
third series of phenomena available, and we 
absolutely in harmony with what has gone be 



ry into the existence of 
eres of stars generally, 
lis diversity accompanies 
the sni], which we indc- 
Arcturus, are identical 



l ave already called atten- 



Gaseous stars . . Highest temperature . . .St 



Metallic stars , , 
Carbon stars . . 



Medium temperature , . 
Lowest temperature .. 



It is clear now, not only that the spectral 
ciated with, or produced by, changes of tern 
of the enhanced spark and the arc lines lands 
rigorous stellar thermometry, such lines bcin 
than the relative lengths of spectrum. 

What then, is the chemical law 1 It is t 
stars we (teal, speaking generally, with the 
asterium, and doubtless others still unknown, 
the next lowest temperatures we find these 
metals in the state in which they are ob> 
when the most powerful jar-spark is employee 
ture still the gases almost disappear entirely, 
the -tate produced by the electric arc. 

I said '■ speaking giTerall hut we really 



1 constitutions are asso- 



of enhanced metallic 
a step forwarder. In 
ellar spectra, we have a 
nd that the results are 
ore. Thus 



est 



f 



•on™ cleveite gas ami 
'aint enhances! lines, 
Ffeble cleveite gas and 
strung enhanced line'. 

cleveite gas, and 
strong are lines. 
Flint arc lines. 



dianges in stars are asso- 
peiature, but that the study 
us in the possibility of a 
more easy to observe 

ns. In the very hottest 
^ases hydrogen, helium, 
almost exclusively. At 
;ases being replaced by 
ed in our laboratories 
At a lower tempera- 
;in<l the metals exist in 



sew 



can m> further than this 



©2010 Forgotten Books 



www. forgottenb ooks.org 



VI.] 



CHEMISTRY OF THE fjTATJS 



10 



general statement, and I next pass from tlie geir 
and give the detailed results recently obtained ii 
hot or hotter than Arc turns — taking Arcturus 
temperature — in the light of the most recent woi 
already been referred to in the preceding chapters 



Prvto-iiKtuh. 



57 

sral to the particular, 
the case of stars as 
represent the sola!' 
k, some of which has 



With regard to the metals, the recent work 
in the spectrum of metals, a Cygni* and the sun's 
us to deal with the lines observed at the hishe 



t n the enhanced Sines 
chromosphere enables 
;t temperature in the 
calcium, iron, man- 

auese, nickel, chromium, titanium, copper, vanidium, strontium, sili- 



spectra of the following substances: magnesium 



o 

eitim. 



The untouched reproductions of photographs 
chromosphere and a. Cygni, given on page 53, h 
wonderful similarity which exists between these 

As we have to deal both with the arc and spar 
stances, for the sake of clearness I call the latter 
and consider the substances which produce 
highest available laboratory temperatures, "pr 
finer form of the metal than that which produce:; 
spending to the " meta-elements " imagined by 

The temperature ranges of the enhanced lines 



been investigated in various stars with the follov 



of the spectra of the 
iv e already shown the 
ihree spectra, 
k lines of these sub- 
1 jji-oto-mekdlk " lines, 
them, obtained at the 
:»to-metals," that isj a 
the are lines, eorve- 
(frookes. 

of these metals have 
iug results : — 



Metal. 



Range of temperature 
(upward series). 



Kanpe of temperature 
(downward series). 



Magnesium . . . . a Urea? Min. to y Argus 

Calcium.. .. .. a Tauri to y Argus 

Iron . . . . . . a Tjuiri to Z, Taurif 

Titanium . . . . a Tauri to £ Tauri 

Manganese . . . . a Ursse M in, to a Cygni 

Nickel .. . . . . a TJrste Min, to a Cygni 

Chromium . . . . a TJrsie Min. to a Cygni 

Vanadium . . . . a Ursa? Min. to a Cygni 

Copper . . . . . . n Ursa; Min. to a Cygni 

Strontium . . . . a Tauri to a Cygni 



Kridani to Procyon. 

-Eridani to ArcLurim. 
,1 Porsei to Arcturus. 
if Persei to A returns. 
/> Persei to Proeyuu. 
jp Pertei to Procyon. 

Li r:u to Froeyou. 

Sirins to Procyon. 
§ Persei lo Procyon. 

Sirius io Areturns. 



* ITatwre, toI. lxix, p. 342. 

+ This is one of the most extraordinary spectra wMch 
Kensington scries of photographs, as 1 hare already poiu 
Ixi, p. 1S4). While the lines of hydrogen are fairly i 
many of ihe lines, especially those of the clcveite gase=, 



has been met with in the 
ed (Proc. Hoi/. Hoe., toI. 
liavp and not Terr broad, 
ire broadened almost into 
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The enhanced !i 
almost all of the mo: 
that I have iuvestig; 
tor the results of the 
;ilthough in addition 
foregoing table, tho 
antimony, lead, pa 
cerium, uranium, c 
with lower dispersi 
less jar capacity, so 
stances exist in tl 
pe rat tire. 

The temperature 
also been investiaf 
tal ile : — 



nes of the above substances seem to account for 
T; marked lines in aCygni. It is on this ground 
ted their behaviour in other stars before waiting 
complete inquiry. Another reason has been that, 
to the enhanced lines of the metals shown in the 
■e of barium, cadmium, molybdenum, lanthanum, 
l.adium, tantalum, erbium and yttrium, tungsten, 
■alt, and bismuth have already been investigated 
.111, and a. spark obtained with the use of a much 
iav as T have no certainty that any of these sub- 
reversing layers of stars of intermediate tem- 



O). 



it 



ited 
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ranges of the are lines of some of the metals have 
and the results are shown in the following 



II etui. 



Kange of temperature 
(upward series). 



Range of temperature 
(downward series). 



Iron 

Calcium . . 
Jl an "a n esc 



Tanri to a Cygni. 
Tanri to a Ursa? Ilia. 
Tauri to a Ursa: llin. 



a Canis Majori- to Areturus. 
a Cams Majori? to Arctnrus. 
a Canis JIajori.i to A returns. 



So much, then, f 



or the metals. I now turn to the gases. 



.ami 



Some little time 
tory, found on ex; 
them on the poop (I. 
forms the constellation 



Proftj-hijtlnnjni . 
ago Professor Pickering, of the Harvard Observa- 



recognised, and 
element.* On fun 
new series was in 
occupied the same 
and constants frou 



the spectra of the southern stars, that one of 
at. Puppis), hence called £ Puppis, of the ship which 
Argo, contained a system of lines not hitherto 
hit naturally concluded that it indicated a new 
her inquiry he found reason to suppose that this 
ome way connected with hydrogen, since the lines 
positions as those computed from the same formula 
which the ordinary series of hydrogen was cak-u- 



i 11 risibility. I hi tlie 
of velocity and direct i< 
lines of the clevcile ga 
turbances at high I 
On account, of the 

tl.I' JITCM '!' lli-CLl-iii'll. 

S(\ A.\/ r-'jJ/ if si Co 



nnteoritic hypothecs this is explained by the great differences 
■n of the metcoritic streams, the special broadening of the 
es indicating that these gnscf arc; chiefly concerned in dis- 
■a hi res. 

ndistinctness of many of it? lines, Z 'd'auri is omitted from 



em] 'er 



I Jovmal, vol. iv. p. 3(i!>, and vol. 5, p. 03. 
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ro fi 



lated. the only difference in the e 
even value* of « were used instea 

Professors Pii/keriug anil Ka|v 
of hydrogen is iluo most proliahk 
Kayser expressly states " that 
before can perhaps lie explained 
(Teissier tubes and most of the st 

Tf. as suggested both by Pi 
series and the one previously km 
type, the principal series of hy 
indeed one of the still "unknown 
by .Professor Kydherg. Another 
stars so far considered, the temp 
its nioleeiile to exist uneoinbined. 

On the view th.it the new 
£ Pnppis represents the effect i 
attempt has heen made to produe 
In the liigh-tension s]i:irk in h\ 
ordinary series represented h 
with large jars in vaeimm tubes 
glass ami the appearance of lin 
hut the new series has not yet he 

In his til st communication P 
41>!>;S, 4ti.*ii?. -I(r20. and 4~>0o, h\ 
second paper, which has special ! 
4-*»03 was at first taken to he one 
hut this seems to have heen sul 
mem of the line about 4-~i-[4, 
intensify and the tabulated posi 



inploynicnt of the fo: mnla being that 
I of odd values.* 

;ser both comcde that this new form 
to a high temperature, and Professor 
his series has never been observed 
Jiv insufficient temneratiiie in our 



* Tlio two series ii* follow? : — 



These iiginv!. iH-c taken from 
Ji, ■;).'.'. v, '. i )> J>e . K:.vs 



UF THF. sTAUs. 



"'9 



essor Kayser and myself, this new 
iwn are probably of the subordinate, 
rogen is still lieyond our ken. unless 
Vines represents it. as suggested 
possibility is that, even in the hottest 
eratu:e is not high, enough to allow 



series of probable hydrogen lines in 
f a transcendental temperature, an 
■e this spectrum in the laboratory. 
Irogen at atmospheric pressure the 
.- broad lines. The use of the spark 
results in the partial fusion of the 
es which have been traced to siiieium, 
'bn observed. 

rofessor Pickering mentions line* at 
t he does not refer to them in his 
efevenee to the new series. The line 
of the components of the new series, 
sequent ly superseded by the employ - 
vhieh agrees better both as regards 
u ion 4o43l3. 





Oh' .V-Ys. 








i'iY*. 












Observed 


.1. 


Computed. 




II. 




(nio:iiisl. 


ti 


liJtlS -o 


OSOSO 


a 


101 2> 1 




> 


■Wil ■o 


4S(U ii 




541;* 




10 


4340 


4340 -r 


9 


4 o4:l 'd 




1-' 


4101 


4101 \s 


n 


4-201 


4200 "4 


14 


3^70 '2 


Si' 70 -2 


13 


4027 - 1 


4C2(i •> 


It! 






15 


3025 -2 


3!<24 7 


l.s 




SS33 -o 


17 


3;>oS> ■> 


3S5> - 7 


•20 


ar-.i.s -o 


J7f> -1 


i;> 


S"U 1 '1' 


3M5-0 








•ji 


?<7y.i -4 


37^3 "4 



rWtfessor rieki'i-ingV ni-iiele i" Anfrophysical 
■vs nr;ie';> 011 ; ! '. v t -i" «... 
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As this new hydrogci 
iv ell-known one ;ia the 
call the gas which produx 

The neiv series of lin 
k Orionis photographed ; 

Professor Pickering 
other stars than £ Pupp 
McClean, in his admira 
hemisphere, has obtainei 
which the new series 

From a discussion o 
graphed, there can be li 
the very hottest stars so 
gen lines represents one ; 
lion so far within our kei 

^Ye are, therefore, no 
tion of this new gas to o 
ing in stars of nearly equ 



series seems to hear the same relation to thy 
proto-metallic lines hear to the metallic, 1 
es it proto-hydrogen for the sake of clearness, 
os has been found in the spectra of (, e, S, and 

Kensington in 1S92. 
limself has since found this system of lines in 
is, -9 Cams Majoris among them, and Mr. 
work on the brightest stars of the southern 
photographs of the spectrum of y Argus, in 
■s. 

these stars in relation to the others photo- 
:tle doubt that we are here face to face with 
: ar known : and that the new scries of hyclro- 
nioug the last stages of chemical simplifiea- 



ahb 



app :ai 



,v m a better position to determine the rela- 
hcr gases, both kno.vn and unknown, appear - 
■il temperature. 



But even with our 
that in relation to the 
chemical knowledge ; no 
assume, taking into accoitnt 
tion and of the strict li 
small part of space uea 
as yet really in touch wit 

Again, we cannot be 
studied puts us in preset 
stars which apparently ai 
are involved in unknown 

Two typical unkno 
4049-:?,* and besides the.' 

As these most pr 
them in the following ta|l 
to which the various k 
origin, extend. 

Mr. McClean has sta 
which is the strong tripl 
the spectrum of (i Cruris- 
My own observations, so 



olj; .b 



n jw 



ORGAN" I C EVOLUTION*. 



[chap. 



Olhur JS'/no Lines. 

present knowledge of stellar spectra we find 
lottest stars there are still some gaps in our 
only is this so, but have we any right to 
the limitations of our means of observa- 
:nitatiou of our observations to the relatively 
■est us, enormous though it is, that we are 
h the highest stellar temperatures 1 
crtaiu that the small number of stars as yet 
to of the highest stellar temperatures. Those 
e at the very apex of the temperature curve 
lines, and requite a special study, 
vn lines have wave-lengths at 40y9'2 and 
three other unknown lines occur in y Argils, 
ily reveal still undiscovered gases, 1 include 
Me showing the limits of stellar temperature 
n and unknown lines, probably of gaseous 



ot 



ted that certain of the oxygen lines (amongst 
at AA 4070-1, 4072-4, and" 407C-3) appear in 
and other stars of nearly equal temperature, 
far as they have gone, tend to confirm this 

oc. Roii. Sac., lot. liii, p. 52. 
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TABS. 



61 



Origin. 



'\ of .-hief lines, ^nge in ascend 
series ot stars 







Unknown 


. {15!} 

[ 3870 J 


Hydrogen 


f -1544 -0 1 


(new) 


• \420J-4J 


Unknown 


4(il9-2 


Helium 


J 4471 -6\ 
\ 4026 -3 J 


Asterium 


?43H8"t 
'1 \4009 f 


Hydrogen 


, 1 Complete series 



Seen oily in y Argus. 



Z, Orionis to 7 Ai 
a Crueis to £ Ori 
Kigel to 7 Arjjus 



mis. 



Kigel to y Ariifts 
Aldebaran to 7 J 



Range in deseending 
serie-i of st:ir=. 



3*0 stars available, 
n Eridani. 

a Eridani to 7 Lyra.'. 

a Kridani to 7 Lyra?. 
a Eridani to Ave turns 



view; but other photographs and more 1 
to explain certain change;? of intensity *.\ 
The lines attributed by Mi*. MeClcan tc 
between a Crueis and ( Ononis in the upv 
about the a Eridani stage of temperature in 
There is evidence that the strongest li 1 
and X 46/50-0 make their appearance in stai 
of a Crueis. These lines appear from llige! 
scries, and are present in the stars at the a. 
ward. 

I pointed out many years ago* that 
flu tings of carbon in the violet arc repLt 
There is a line at this wave-length in the 
temperature from that of liigel to ( Orioi 
x Eridani to Persei on the downside of th 

There is no known line of gases or met; 
assigned. It is probable, therefore, that 
the same temperature as that at which oxygen and nitrogen have been 
traced. 

Two lines in the spectrum of silicium (a 
been traced in stars between the temperatures of a, Ursa? Min. and 
« Crueis in the upward series, and betw&m those of « Eridani and 
Procyoii on the downward. 

The accompanying map shows the fact 
or hotter than, the sun, as we know them at present. 



thorn lory work are needed 
hieh have been observed, 
oxygen have been noted 
- ard series, and in stars at 
the downward series, 
es of nitrogen at A 3995-2 
s at about the temperature 
to ( Orionis in the upward 
Eridani stage in the down- 

at high temperatures the 
;ed by a line at A 4i?67'5. 
spectra of stars ranging in 
is on the up side, and from 
2 temperature curve. 
Is to which this line can be 
carbon exists in stars of 



412y\"> and A 4131-5) have 



relating to stars as hot as, 



Description of Miq 

The map is arranged on the followin 
the sun and Are turns forms the lowest 

* Proc. Roy. Soe., vol. iss 



plan. The temperature of 
if t age. The upper limit is 

p. 461. 
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defined by y An 



tleereaniiig tumpei 
mean temperature 



Unknown. 
Proto- hydrogen 
AsTerium. 
Helium 

Proto-magnesiim. 
Hydrogen. 
^ProTo-calcium. 
Unknown. 
Unknown. 
Oxygen. 
Nitrogen. 
Carbon. 
Siltcium. 
ProTo- iron. 
ProTo-tifanium. 
ProTo-copper 
Prolo- manganese 
ProTo- nickel. 
ProTo -chromium 
ProTo- vanadium. 
ProTo -strontium. 
Iron. 
Calcium. 
Manganese, 



Jig. 27. — Map of eNeniiciil substances present in stars of different temperatures. 



is, the hottest star so far known. On tbc left the 



stars named are those of increasing temperature, on the right those of 



ature. Those on the same horizon represent equal 
s so fur as the eleveite s,a.s and enUmced lines help 
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oE 



us to determine them. The blank spaces i 
has been photographed in the spectrum of 
exactly match those on the opposite side. 

The names of the various chemical so 
cussion are given at the top. I have retail 
that condition of each metallic vapour whi 
lines alone, and I have added it to that form 
the hottest stars. 

The behaviour of the most typical line 
is indicated by a double line looped at tl 
The length and varying thickness of the line 
the temperature curve are derived from the 
intensity of the lines, noted in the different s 

The wave-lengths of the lines discussed e 
the map. 

The facts embodied in the map present 
noted in stars of Groups III, IV, and V of 
a result of a more general inquiry than tl 
vious papers f the origins of a very const 
lines having since then been traced to enhan 
known gases. 

It will be seen that this more general in 
prior statementl that the metallic lines are 
their temperature, and the hydrogen lines 
their temperature, in other words, on the 
tare curve. I have already stated a possible 

It will be observed that, so far, I have i 
spectra on the downward side corresponds 
£ Orionis ; but it is more than probable that 
only a small change will be observed; their i 
consequence than it might have been. 

The same remark applies to a Cygni and 
tain that the differences in the relative hit 
enhanced lines will be considerable, judging 
and below the heat stages represented by th 

The stars used in the discussion give lis 
ing that the various chemical forms are intr 
heat levels. 

* l'roc. £vy. Soc, vol. xliii, p. 11" (18S7). 

t Proc. Hot/. Hoc, vol. xliv, p. 1 (l^!-) ; <'£<'<? 
Trans., A., 184, (1893), p. 725. 

J l'roc. Boy. Soc, vol. Hi, p. 1S2. 

§ Proc. Bog. Soc, vol. lsi, p. 1S3. 



idicate that so far no star 
Lvhieh the enhanced lines 



ances included in the dis- 
ci! the prefix " proto " to 
;*h gives us the enhanced 
of hydrogen seen only in 



en 



6:3 



each chemical substance 
e top at its highest range, 
s in stars on both sides of 
observed appearance and 
tars. 

re shown at the bottom of 



(■<■'!. 

to tis the spectral changes 
my classification,* and are 
ose referred to in my pre- 
ferable number of stellar 
:ed lines of metals and to 

juiry entirely justifies the 
Ihickest in stats increasing 
thickest in stars decreasing 
opposite arms of the tempera- 
explanation. g 

ut been able to find stellar 
lg to those of y Argils ami 
near the apex of the curve 
lefault, therefore, is of less 



Sirins : lint here it is eer- 
sities of the gaseous and 
from what happens above 
0m. 

ery definite results, show- 
xlnced at six very distinct 



vol. sir, p. 3S0 (ISilO) ; Fill. 
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se ries 



the 



The Temperature ]hnuje>. 

I next proceed to make some remarks upon the 
for the first time brought together ; it must, howe\ 
mind thai all the chemical elements and all parts of 
not yet been included in the survey. 

The facts indicate individual peculiarities ; some 
appear to be longer lived than others, and, further 
spectral changes in the case of different substances 
the same temperature. 

(1) Hydrogen appears throughout both series of 
bottom. I'roto-magncsiirm and proto-calemm fallow .< 
but the highest intensity of the former is reached at 
sented by a. Cygni, and of the latter at the solar temper, 
by a Tauri and Ave turns. 

(2) With the above exceptions all the chemical foi 
are relatively short-lived. 

Tin's is the first important differentiation. In th 
are justified in assuming that the substance* in (2) wo 
the stellar reversing layers if they were there. 

(3) In the stars of higher temperatures we deal 
gases. Below the stages represented by Ononis 
deal with proto-metals and metals, hydrogen being the 

(4) The proto-mctals make their appearance at about 
level at which the gases (with carbon), always exec 
begin to die out. 

This is the second important differentiation. It 
notice the distinct difference of behaviour of carbon an 
descending series ; the former goes through the same t 
and nitrogen, the latter behaves like the proto-mctals. 

(5) With the exception of iron the metals, as 
from the proto-metals. only make their appearance 
below the heat level of Sirius. 

This is the third important differentiation. It is ac 
a notable diminution of hydrogen and proto-magt 
i,t<-redse of proto-calcium ; indeed, the latter seem* 
inversely with the hydrogen. 

The question arises whether the order of visibility 
peratures now indicated does not explain the absence 
gen, oxygen, and nitrogen from the spectra of the sun ; 
metals present in, and the absence of quartz from, 
similarity of the gaseous products obtained from 
native and other, in vacuo at high temperatures. 



chemical forms 
, the important 
lo not occur at 



[fTlAr. 



of facts now 
er, be borne in 
spectrum have 



stars from top to 
irit very nearly ; 
the stage repre- 
atnrc represented 

ins so far traced 

3 light of (I) we 
lid be visible in 



generally with 
<nd y Lyra? we 
only exception, 
the same heat- 
■jting hydrogen, 

is interesting to 
.1 silicinm in the 
tages as oxygen 



c on tjra-d i s t i ngni sh ed 
n stars at and 



companied with 
lesnmi, and with an 
generally to^vary 

lit reduced tem- 
of proto-hydro- 
aiil nebula- ; the 
meteorites, and the 
meteor tes and metals, 
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g&: ;es 



I have 
spectra of 
coil in existence 
intermediate 
(■leveite 
of the hott 

Our kmpwled 
marvellous 
of their m 
In one of 
already 
observed ; 
practically 
absorption 

But tlu 
phenomena 
ing it we h; 
and fluting), 
of r aev: stars 
be said to 
bodies, w 
ance has ce 
therefore, 
taken some 
to complete 

Hence i 
swarms of 
menced, f 
stars" than 



hen 



he 



am I 



THE CHEMISTRY OF THE STARS. 



The Chemistry of the t'vohr Star*. 

shown, on page 57, how the discovery of new lines in the 
he metallic elements by using the most powerful induction 
has put us in possession of the chemistry of stars of 
temperature; and, further, how the discovery of the 
s has helped us in tracing the origins of very many lines 
r stars. 

ge of the chemistry of the cooler stars is little short of 
; we have two distinct groups of eoolest ones, the evidence 
ich lower temperature being the shortness of their spectra, 
these groups we deal with absorption alone, as in those 
we And an important break in the phenomena 
helium, hydrogen, and the enhanced lines of metals have 
disappeared, and we deal with metallic arc lines and carbon 
hiefly. 

other group of coolest stars presents us with quite new 
"\\ e no longer deal with absorption alone, but accompany 
|tve radiation, so that the spectra contain both dark lines 
and bright ones. Xow such spectra are visible in the case 
as they are called, the ephemera of the skies, which may 
txist only for an instant relatively. In the case of these 
the disturbance which gives rise to their sudden appear- 
ised, we find their places occupied by nebula?; we cannot, 
dealing here with stars like the sun, which lias already 
millions of years to slowly cool, and requires more millions 
the process into invisibility. 

1 this class of coolest " stars " we are obviously dealing with 
meteorites, the condensation of which has scarcely com- 
hence it is that this class provides us with more " variable 
any other. 
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CiLIl 



are 



In the attoi 
from Ruthcr 
were neeessafi 
tion of hyd 
origins conli 
Hence the v 
were referred 
the work o 
phenomena 
that any co- 

The rece(it 
Hood of ligh 
grouping: 
chapter is to 
which they 

The fact 
of the stellajr 
this step des 
to be complctcl 

The sch 
sities, in 
mentioned 

Certain 
represent ' 
hydrogen d 
hydrogen " 
calcium, maj 
copper, ma 
spectra beii 
The lines th 
kind of v< 
magnesium, 



ipts made to classify the stars by means of their spectra, 
iird's time to quite recently, the various criteria selected 
ly for the most part of unknown origin ; with the excep- 
•ogen, calcium, iron and carbon, in the main, chemical 
not be assigned with certainty to the spectral lines, 
irious groups defined liy the behaviour of unknown lines 
to by numbers, and as the views of those employed in 
classifying differed widely as to the sequence of the 
served, the numerical sequences vary very considerably, so 
'dination becomes difficult and confusing, 
work referred to in the last chapter has thrown such a 
on the chemistry of the stars that most definite chemical 
now be established, and the object of the present 
give an account of the general scheme of classification in 

employed, which I have recently proposed, 
that most of the important lines in the photographic region 
spectra have now been traced to their origins renders 
rable, although many of the chemical elements still remain 
y investigated from the stellar point of view, 
is based upon a minute inquiry into the varying iuten- 
different stars, of the lines and ilutings of the under- 
ances : 

unknown elements (probably gaseous, unless their lines 
irincipal series ") in the hottest stars, and the new form of 
iscovered by Professor Pickering (which I term " proto- 
for the sake of clearness), hydrogen, helium, asterium, 
nesium, oxygen, nitrogen, carbon, silicium, iron, titanium, 
iganese, nickel, chromium, vanadium, strontium ; the 
g observed at the highest available spark temperatures, 
us observed I term "enhanced" lines, and I distinguished the 
which produces them by the affix: "proto," e.g., proto- 
Eor the sake of clearness.* 

* Roy. Soc. Pi-oc, toI. lxiv, p. 398. 



ene 



the 

substances : — 



api >ur 
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ih 
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Iron, calcium, and raangan 
Carbon ((lutings) at arc tei 
Manganese and iron (fiuth 
In the last chapter I stalled 
regard to the appearances of 
of different temperatures, and 
genera to he subsequently 
on page 62, together with mor|e 
points the examination into ■ 
on. 

So far as the inquiry has . 
differences to he taken advani 
scnted in the following stars, 
researches of Professor Picker 
the Kensington series of photcfei 



:se at arc temperatures, 
iperatures. 

%s) at a still lower temperature. 

the results arrived at reccntiv with 
e lines of the above substances in stars 
the definitions of the different groups or 
iven are based upon the map given 
minute inquiries on certain additional 
idiich was suggested as the work went 



I present gone, the various most salient 
age of for grouping purposes are repre- 
tlie information being derived from the 
ing* and Mr. McClcan,f as well as from 
raphs. 



}Jott/'.«t S(<in. 



Two stars in the eonstellat on 
Aluitam (s Ononis). This 
maps as Ahiilam. Dr. Budge 
for me, which show the chang 
a transcriber's error, and that 
belt of spheres or pearls." 



Star.i of in 

.ha.nv.Uixj Series. 

0 Crucis. 
f Tauri. 
Rigel. 
o. Cvgni. 

[ ' 1 
Polaris. 

Aldebaran. 



* Asira-fh^M, Journ., toI. t. p. 9: 
t Spectra of Southern Slars. 
X The spectrum of this star con 

dark lines, the latter alone have to 

fie at ion. 



RATIFICATION OF STARS. 



0'/ 



Argo (f Puppis and y Argus I). 
is a star in the belt of Orion shown on 
has been good enough to make inquiries 
i of word to have been brought about by 
the meaning of the Arabic word is" a- 



tirni' : iliaie Temperature, 

Desixw.Utxj Serif 

I Achernar. 

Algol. 
Markab. 

[ .. ] 

Sirins. 

Pro;yon. 
Arc-turns. 



:, 1S97. 

nins briglit lines, bat when Llicse ocelli- will. 
:e coi: si tiered for purpose: of iliemit-a) da.si- 
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Stars of hived Tenipervtun'. 
>i:ti)"j Scries, ])cacemUng S^rivf. 



Anta-res, out! of the brightest ; 19 l'iseium, oneof the brightest 
stars in l'tinei's Catalogue of 
Class 111".* Class llli. 



[nebula?.] 



In order 
descending 
phot ograp lis 
tomperatiu/e 
temperatures 
question are 



to make quite clear that both an ascending and a 
sjeries must be taken into account, I give herewith two 
shoeing the phenomena observed on both sides of the 
curve in reversing layers of stars of nearly equal mean 
as determined bv the enhanced lines. The stars in 



(. w 



The main 
different i 
difference in 
lines in I'roe; 
classification 
the Ivoyal So 
has shown h 
— words upo. 

As we jk 
strata from t 
of different ■ 
plex ; is it pi 
in a series of 
in presence 
as the temp' 
the actual f; 
parallel lines 
case of org. 

In the 
the typical s 



of 



organic 
me 
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stars in Ihvner's. Catalogue of 



[Dark Stars.] 



Fi" -2X. 



Sirius (descending). 
a Cygni (ascending). 

Proeyon (descending). \ ^ 
y Cvgni (ascending), J n 

differences to which I wish to draw attention are the very 
intensities of the hydrogen lines in Sirius and s. Cygni. and the 
he width and intensities of the proto-metallie and metallic 
•on and y Cygni. These differences, so significant from a 
point of view, were first indicated in a communication to 
?iety in lSHTf, and the progress of the work on these lines 
r important they are. I have based the group — or generic 
i the following considerations. 

>w know beyond all question that a series of geological 
le most, ancient to the most recent brings us in presence 
irganic forms, of which the most recent are the most com- 
tssible that the many sharp changes of spectra observed 
stars from the highest temperature to the lowest, bring us 
a series of chemical forms which become more complex 
sratnre is reduced 1 If so, we are in the stars studying 
cts relating to the workings of inorganic evolution on 
to those which have already been made available in the 

evolution. 1 shall discuss this matter later, 
autime. regarding the typical stars as the equivalents of 
strata, such a* the Cambrian, Silurian, Ac, it is convenient 

* Nip 7en e/m'/ena spec fret de la frohihue cfttsx?, 
t 1'i-nc Hoy. 40£'., vul. xllii. p. l-lo. 
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that the form of the words used to define them should 
both ; hence 1 suggest an adjectival form ending in mil 
star is the brightest in a constellation, I use its Arabic 
the typical star is not the brightest, I use the name of 

The desideratum referred has to a certain extent 
choice of stars where many ivere available. I have 
great obligations to Dr. Murray for help generously^ 
consideration of some of the questions thus raised, 
follows : — ■ 



ni ,me 



The 



[chap 

be common to 
If the typical 
as root ; if 
constellation, 
ietermined the 
o express my 
ffbrded in the 
table runs as 



Classification of Stars into Genera depending 
Chemistry and Temperature. 

Highm! temperature, Mmpkd clwumlry. 



Argonian . 
Alii itamian. 



Crucian. 
Tauriau. 
Eigelian. 
Cygniau. 



Achernis 
Algolian 
MarkabiJi 



m. 



Polarian. 

Aklebarian. 

Antarian. 



Sir i an. 
Procyoni 
Arcturiaji 
Fiscian. 



The cheirical definitions of the various groups or 
follows : — 

Definitions of Stellar Genera. 

Argonian. 

Predominant, — Hydrogen and proto- hydrogen. 
Fainter.— Helium, unknown (A 4451, 4457), pioto-mag 
proto- calcium, asteriulli. 

Alnitamian. 

Predominant. — Hydrogen, helium, protu-siliciuin, 
(\ 4GW2). 

Fainter. — Asterium, proto- hydro pen, proto -niagiiesiun 
calcium, oxygen, mtiogei), carton. 



Crucian, 

Predominant .—Hydrogen, he- 
lium, iisksriimi, oxygen, nitrogen, 
carbou. 

Fainter. — Proto -magnesium, 
proto- ciilriiiin, proto-silicium, un- 
known (a 4649'2), silichvm. 



Ac&eruian. 
Snme a* Crucian, 



UPON THEIR 



11. 



ill. 



iesi u m, 

ilmown 
, proto- 
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VII. 



A CliEMICAL CLASSIFICATION OF STARS. 



Tatt 

Predominant. 
lium, proto- ma gr 

Fainter. — Pro o 
ciura, nitrogeu, 
proto- iron, proto 



Rigilian. 

Predominant. 
calcium, proto- 
silicium. 

Fainter. — As 
nitrogen, carbon 



Hydrogen, prol o- 
m ignosium, helium, 

ti rium, proto-irou, 
proto -titanium. 



Predominant.- 
calcium, proto 
iron, silicium 
proto -copper 

Fainter. — Projto 
yanadiuni, prot 
strontium, iron 



Hydrogen, proto- 
ifia gne si urn , proto- 
proto-tllaniuni, 
o-chromium. 
-niefcel, prolo- 
■ manganese, proto - 
art). 



pmt 



Pol 

Predominant. 
proto- titanium, 
magnesium, pr> 
lines of calcium. 
uese. 

Fainter. — r l' h i 
and metals occu 
genus. 

Aldeba 
Predom inant. — P rtpto 
lines of iron, ealeii 
proto -strontium, hydrogen 

Fainter. — Proto in 
nium. 

An/a. 

Predominant. — Fl 
nesc. 

Fainter. — A re lint 
ments. 
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Hydrogen, hc- 
esium. astecinm. 
■.calcium, sili- 
c in 1 boll, oxygen, 
titanium. 



— Proto -calcium, 
hydrogen, proto- 
>to-irou, and are 
iron, and manga- 

o t k cr p roto-m etsl s 
•ring in the Sirian 



■ iaa. 

-calcium, arc 
, and manganese, 
>gen. 

n and proto- tita- 
ian, 

tings of nianga- 
; of metallic elc- 



AlgtiUan. 

Predominant. — Hydrogen, proto- 
magnesium, profo-calcium, helium, 
silici am. 

Fainter. — Prolo-irou, aslcrium, 
carbon, proto- titanium, proto-cop- 
pcr, proto -manganese, proto-niekel. 

Markahian. 

I'redominant. — H y d rogeu , p ro I o- 
ealeium, profo-magnesium, sili- 
cium. 

Fainter. — l'roto-irou, helium, 
asteriuin, proto -titanium, proto- 
copper, proto -manganese, proto- 
nickel, prot o-ehromium. 



tiirian. 

Predominant. — Hydrogen, prot o- 
calcium, proto -magnesium, proto- 
iron, silicium. 

Fiinter. — The lines of the other 
proto- nietu Is and the arc lines of 
iron, calcium, and manganese. 

Procyonian, 
Same as Polariau. 



Arcturian. 
Same as Aldebariau. 



Piscian. 

Predominant.— Fluting* of carbon. 
Fainter. — Arc lines of metallic ele' 
meats. 
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IXOIKJAXK EVOLUTION. 



new intermediate 
lends 
relations to be 



AVe may take for granted that as time goes on 
genera will have to lie established; the proposed classification 
itself conveniently to this, as there are no numerical 
disturbed. 

A still more general chemical classification is the fol 
understood that in it only the most predominant ehem 
considered, ami that there is no sharp line of separation 
larger groirps. The peculiar position of calcium and ma, 
this caveat, the more necessary. 

CLASSIFICATION OF STAKS. 

Highest temperature, 
f Froto-hydrogen stars J-^'^ 011 ' 111 * 



gaseous stars 



Unitariian 



Proto-metallic stars 



n\ ■. f Crucian. 

^-Cleveite-eas stars < 

l launan. 

TTiigelian. 

I Cygniaii. 



Aeheniiau. 
jilgolian. 
larkabiaii. 



Metallic stars S Polaj-ian. 

L Aldebarian. 
Stars with tinted spectra Antarian. 

Lowest temperature. 



T'l 



The detailed chemical facts to he gathered from the 
the several genera indicate many important difference 
order of appearance of the chemical substances in the at nu 
stars and that suggested by the hypothetical "periodic 
lefer to this point later on. 



[f HAl' VI L 



owing, it being 
cal features arc 
between these 
nesium renders- 



inan. 
.'ocyoniar. 
rctnrian. 
Fiscian. 



definitions of 
; between the 
■spheres of the 
law." I shall 
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BOOK 1TI.— THE DISSOCIATION HYPOTHESIS. 



Chapter VIII.-Eecext Opinion. 



(■] 



When stating in Chapter II some of the difficulties 
the early workers in spectrum analysis who found i 
reconcile the facts which the new method of work wa 
with the then received chemical view, T pointed out 
If 7 3 1 had suggested that many of our difficulties woi 
were conceded that the " atoms " of the chemist were 
dissociated, into finer forms by the high tempcrati 
employed in the new method of investigation. 

The year 1S73 was 27 years ago; I propose, ther 
refer, as judicially as 1 can, to the recent state of 
subject, or rather on some of the main points of it. 

Only some of the views I had brought forward fr 
have received general acceptance, those include the Ijrei 
solid metal giving (from whatever cause) a continuum 
smaller molecular groupings giving fluted and line spec 

My view as to the subsequent dissociation of molec 
the line spectrum stage lias been reached, was still rej< 
For myself, I am not surprised at this. In a questio 
scendental importance, caution must be redoubled ; 
work and expression of opinion in such a line of inquiry 
of pure science only involved, is almost inherent to tl 
investigations. The chemist has little interest in an a 
phenomena, and astronomers do not generally concern 
chemistry. The region investigated by the chemist 
perature region dominated by monatomic and poly; 
The region I have chiefly investigated is a high tempci 
which mercury gives us the same phenomena as 
shoit, the changes with which spectrum analysis has 
at a far higher temperature level than that employ 
chemical work, and hence probably it is that I can 
chemical experiment bearing on the subject. 

It is important, however, to point out that in cm 
regions overlap, vapour density deteuuinations and o 
been in harmony with the spectroscopic results, e.< 0 



icountered by 
impossible to 
accumulating 
that as early as 
Id vanish if it 
broken up, or 
res necessarilv 



in 



•fore, to briefly 
tpiniou on this 

Jim time to time 
king up of the 
spectrum into 
■a. 

.lies, when once 
:ctud by many, 
■l of such tran- 
an absence of 
• with questions 
c nature of the 
eal to celestial 
hemselves with 
is a low tem- 
atbmic molecules. 

tit ure region, in 
manganese. In 
i o do take place 
ed in ordinary 
ojilv refer to one 



rpc 



where the two 
;her work have 
the changed 
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IN'OEUAXIC EVOI-IT ON. 



[CHAP. 



density of iodine at changed temperat 
spectrum. 

The specific gravity of iodine vapour 
Troost to be 8"72 (air = 1), which cones 
proving that the molecule or two vol 
126-53 x 2 = 253-06. Wtcn iodine vapour 
gravity begins to diminish until at higl 
constant, and is half that at 700", the 
atoms.* 

Another, but less direct, argument 
independently of the changes m the intens 
upon some observations I had made in 
spectroscopic method for the detection 
presence of what 1 termed " basic lines,' 
remained common to two or more spect 
been eliminated as being due to impurities. 

I now refer to these different points 



uies and with a change in 



was found by Deville and 
:>onds to the density 125-9, 
mines of iodine gas weighs 
is heated to 700" its specific 
i$r temperatures it becomes 
vapour consisting of free 



:n favour of dissociation, 
ties of the lines, was based 
in attempt to work out a 
impurities. I rioted the 
that is, short hues which 
a, after "long lines" had 



oE 



i'lim. 



Fluliii/fs represent I'ihndmis of C- 

I take the change of the continuous 
timings and lines first, and in justificatio 
this matter my view is now generally 



to 



quotations from Schuster and Eder and Va 

" That the discontinuous spectra of 
spectra) are due to different molecular cc 
pretty well established, and analogy has 
before me) to explain the continuous specjtra 
the change of the continuous spectrum 
takes place in exactly the same way as 
different orders into each other. "t 

"Spator fiihrte Lockyer welter aus, 
Molekiile aus mehreren Atcmen zerfa 
mussen. Diese Anschaiuing wurde seithelr 
tin.": 

The question of flutings was early con 
exceptions were made, carbon furnishes on<: 
Messrs. Liveing and Dewar in 1879g 



* Vict, llever, Ber. Deutsch. Chem. Ges., vol. 
and Crafts, Compl. Head., \o\. xc, p. (300; lol. st'i 

+ Schuster, Phil. Tram:, 1S"9, Part I, vol. clu 

X E<!er anil Valeiita, llenksehrijten der 
schnftea, "Wien, vol. Ixi, p. itii, 1394. 

S Pro.: Boi,'. $0.:, vol. xss, r. 508. 



miple.e M»teatle,<. 

spectrum successively into 
1 of the statement that in 
accepted, I give the following 
enta : — 

crent orders (line and band 
mbination I consider to be 
led me (and Mr. Lockyer 
by the same cause ; for 
the line or band spectrum 
the change of spectra of 



class die Gase, solange ihre 
len, Linienspectren geben 
ziemlich allgemein acc-ep- 

:-eded generally, but special 
instance. 

objected to my hypothesis, 



siii, pp. 394, 1010, 1103; Jleier 
, p. 39. 
is, p. 39. 

kaiitrlichen Atcadtmie der Wi$stn~ 
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VIII.] I'ECEXT (HT.NIOX. 



that the .sets of carbon fiutings in the green represent molec-uiar 
groupings of that substance other than that (or those) which gives us i ho 
line spectrum, as gratuitous. I showed that the timings, which Messrs. 
Livcing and Pewar ascribed to a hydrocarbon,. were present in ihc 
spectrum of tetrachloride of carbon which gave no trace of hydrog;n. 
This experiment at first gave them no reason to modify their c 
elusion, but later they repeated and endorsed it, and finally admiti cd 
that "the spectrum of the flame of hydrocarbons is not necessarily 
connected with the presence of hydrogen,"* and so far as I can under- 
stand their paper they seem to accept the idea of different molecular 
groupings, which they began by characterising at> "gratuitous." 



I 3 



US 

ed 
is 



Tkc (Jompleniij of the Line Spertrum. 

With regard to the view that the line spectrum integrates for 
the vibrations of several sets of molecules, as I have already stat 
this was not accepted. The number of objections is legion, and it 
impossible to refer to all of them here. But, at the same time, the 
opinion of some of those workers who have approached the subject 
from both points of view was, I think, coming round to my side, and I 
shall briefly refer to one or two instances. 

Attention has recently been drawn to the variations in the appe tr- 
ance of the magnesium lines in the celestial bodies by Di. Schemer, 
the Potsdam Observatory, who is not apparently acquainted with 1 
work of 1879 ; he, however, accepts the idea that the variations furii 
us with a precise indication of stellar temperature, t and he is n 
employing it in the work of the observatory.^ 



* Proc. Roy. Soc, vol. xixiv, p. -123. 

t Astronomical Spectroscope, Frost's Translation, p. viii. 

X Dr. Scheiner points out that in the spectra of nearly all stars of Class 
{Group IV) the line at 44S1 " generally appears as a broad line — irt some spec 
as strong as the hydrogen lines — but its intensity decreases just in proportion 
the number of lines in the stellar spec! ram increases, so that it is hardly of 
average intensity in the solar spectrum, or other spectra of lype Ha, and 
author is unable to detect it in the spectrum of a Orionis." My prior work, dat 
fiom 1879, being probably unknown lo Dr. Scheiner, Messrs. Liveing and Dei 
are credited with the discoverj of the peculiar behaviour of this line in laboratory 
experiments, and it is added that" the dependence of the line upon the temperature 
thus readily suggests that the temperature of the. absorbing vapour.* upon the st 
of Class Ilia (Group II) is something like that of the electric arc, while that 
the stars of Class Ha is higher, and that of star* of Class la is at least, as high 
the tempera'.ure of the high-tension spark from a Leyden jar. This view recei 
striking confirmation in the precisely opposite behaviour of the magnesium line 
A 4352'18. First becoming visible in the spectra of type la (Group IV), wh 
have numerous Hues, it is string in the spectra of type Ilti (Groups III and 
and increases fo as to be one of the strongest lines a; we pas? towards type I 



of 
11 V 

sh 

)W 



la 

:ia 
as 
he 
be 

ig 

-ar 



irs 
of 
as 
_ es 
at 
cli 

0, 

la 
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ProfcRf 
recently ai 
mercury :- 

" Fern 
blitzens (t 
der heli 
Flaschcnfi 
ders das 
nicht oclei 
von einfiw 
der Dissoc 
'Aeries) iarl 



ors K<lcr and Valenta thus state the conclusions ibey have 
■rived at iti their study of the changes in the spectrum of 

?r ist die Erseheinung der ziemlieh unvermitlelten Auf- 
oii liiiieii-reiehsteti Speetrums (siehe (.lie Abbildung. Fig. i-v 
aphirten Tafel) hei hochgradig gesteigerLer Starke des 
nkens mid gleichzeitigeni Erhitzen der Capillar?, hesou- 
Auftaiicheii zahlreicher neuer Hauptlmien, welche frnhi']- 
kaum siehtbar waren, nnd mancher Dopnellir-ien an Stelle 
hen Linien. erne derartigc, class sie zn Lockyer's Theorie 
ation der Eleraente passen wiirdc, wenn man iiberhaupt die 
eit unserer Elemente in die Discussion ziehen will.' * 



oj;r 



e jv 



spec trm 
and 



oi es ; 



[Translate 
" -More 
lined s 
heated, 
lines wbiel|i 
double 
Lockyer's 
W bring i 
chemical e 

I am g 
Crookesj 

" I'liti 
views, we 
provisiona 
by referen 

I am 
colleague, 
have most 

" Mr. 



m 



mapnesuin] 
in the hotter 
line of mag 
was therefore 
discovery of 
line in the 

* Denies 
p. 429, 1804 

+ Cltem. 



INOKIUMC EVOLUTION'. 



[(']f.\l'. 



-er the appearance of the great brilliancy of the richly 
n with a high tension jar spark, the capillary being 
especially the interchange of a great number of new 
were dim before, and also the change of single lines into 
these are such that would harmonise well with 
theory of dissociation of the elements, if one is prepared 
ito the discussion the possibility of the dissociation of the 
ements."] 

lad to be able to quote the following opinion of Sir William 
to which I attach great weight :- 
some fact is shown to be imreeoncilable with .Mr. Lockyer's 
consider ourselves perfectly justified in giving them our 
adhesion, as a working hypothesis to be constantly tested 
:e to observed phenomena." 

;,nxious to refer here also to the opinion expressed by my 
Professor Sir William Huberts- Austen, whose researches 
y been carried on at high temperatures : — 
Lockyer has, however, since done far more : he has shown 



(Group II). Sow, as was found by Lireing and Dewar, this line exhibits ju>t the 
same peculiarities in the laboratory; in the ^park spectrum it is hardly recognis- 
able, in tlie ire rpcctmm if. is very strong." 

"My mos recent work suggests flint Dr. Schemer is wrong in identifying the 
ine 4352-18 in the cooler stars with the line nearly m the same position 
stars. In the hot stars the line behaves almost exactly lite the enhanced 
lesium 4481*3, and I hove previously pointed out that the stellar line 
possibly not due to cool magnesium. This is no»" justified by the 
an important enhanced line of iron at -1331*93, which accounts for the 

stars, and really strengthens Dr. Soheiner's argument. 
•hrijtrn def kaiserlickeyi Akademie der trisxenschoften, Wien, vol. Isi, 



hot 



■Vtc-.y lh7P. vol. xisix, p. Co. 
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RECENT Ol'IXION. 



that the intense heat of the sun carries the process of molecular 
simplification much farther ; and, if we compare the complicated 
spectra of the vapours of metals produced by the highest tempera- 
tures available here with the very simple spectra of the same metals 
as they exist in the hottest part of the sun's atmosphere, it is diffi- 
cult to resist the conclusion that the atom of the chemist has itself 
been changed. My own belief is that these 'atoms' are changed, 
and that iron, as it exists in the sun, is not the vapour of iron as we 
know it upon earth."* 

Tin' hn.iir Lines, 

With regard to the basic line part of the iuijuiry, I think I shall 
not be going too far in saying that it has been universally rejected, 
and chiefly on the ground that some lines which appeared coincident 
at the dispersion I employed appeared double with higher disper- 
sions. I have pointed out in the Chemistry of the Sun (p. 377) 
that this is not a sufficient answer, but I have, left aside this branch 
of the inquiry for some years in the hope that some chemist would 
take up the question of spectroscopic impurities out of which it grew. 
But it is evident that this basic line point of view, even though it 
bs considered a less direct attack on the problem than others since 
1 icgun, assumes a much more important and definite position in the light 
of the new work. I will not go into this question at length now, but 
will content, myself here by asking whether one actual demonstration 
of dissociation will not take a form very like that which the chemist 
has taken to be a proof of the existence of impurities. 
I shall return to this later on. 

Other Physical HeAnirrlu* now in proi/iY**. 

So much for opinion a year or two ago. In subsequent chapters ! 
7-hall refer to other attacks upon the problem of dissociation, which to 
my mind and to many of the objectors sets the matter on a much 
firmer basis by accumulating facts, not only with regard t . the stars, 
but in other fields of inquiry in which the idea of dissociation has to 
be appealed to in order to explain the phenomena. 

* Proc. Eoi/. Lrt., vol. xiii, p. 500, IS'J'2. 
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Chapter IX.- — The Stellar Evioknce. 



I next proceed to consider 
necessary to enable me to gJoup 
tinuously solar phenomena ye; 
stellar chemistry, are weakened 



enormous new field of investig, 



ch 



work, by which we have finally 
long series, the complete studj' 
ings of the celestial evolution 
know them. 

The great increase of our 
study of stars arises from the 
continuous series of spectral 
than the sun affords us. 

One of the minor advantages 
as our base, see what would haj 
Let us consider this point first. 

In approaching this part of 
with great caution, since the 
work has consisted in ohservi 
work puts us in presence of 
absorption in the case of each 

The facts with regard to the 
have already been detailed, 
photographs secured during the 

Having these unimpeachable 
found that the absorption indi 
caused by the chromosphere, ami 
lies above the chromosphere, 
sphere we find enhanced lines 
chiefly arc lines. What must hi 
hotter ? 



whether the views which I found 
together harmoniously and con- 
rs ago when nothing was known of 
or strengthened by the study of the 
ition opened out by the recent stellar 
sun taking its place as one term in a 
>f which enables us to watch the work- 
■vhieh has built up the heavens as we 



knowledge we have gained from the 
act that they have revealed 10 us a 
anges at temperatures much higher 



a:i 



sid si 



It is only possible to con 
temperature on two hypotheses 
chemical elements are indestnict 

On the first hypothesis it is 
place which would alter the chai 



of this is, that we can, taking the sun 
pen if the sun were io become hotter. 



thin 
ill 
th 

Ixdj 



the subject, it is necessary to proceed 
gs observed are different. The solar 
I different parts of the sun, the star 
e total effects both of radiation and 
observed. 

lower portions of the solar atmosphere 
They have been gathered from the 
eclipse of 1398. 

series of facts to go upon, we have 
ated by the Fraunhofer lines is not 
that the most valid absorbing laver 
'e have also seen that in the chromo- 
long the Fraunhofer lines, which are 
alppen then if the sun is supposed to i?;et 



the results produced by a higher 
. The first, the usual one, that the 
ible; the second, that they are not. 
difficult to say what change could take 
acteristics of the Fraunhofer spectrum 
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CHAP. IX.] 



very widely, 
substances 
cleveite gase:; 
sities of the 
remain predi 
and since 
cannot be 
taut in the 
It is al 
hypothesis < 
this, then, c 
chemical 
intensities 
substances 

I£ now « 
we see at on 
considerable 
gas as those 
ing layer, a 
must be 
simpler ones 
the speetr 
Xow let us 
layer to be i 
dissociation 
among thos< 
and disappca 
moment ? 

The lo« 
precisely 
we pass on 
reversing la 
spectrum 
metals. 

What ci 
20 years ago 
sociation ar 
tested. 

Next, 1 
deal with tt 
hotter than 
the reversiji 
resemble th 



sub stances 

o: 



■in ii 



to 
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We have a complex mixture of the vapours of metallic 
gases with paramount calcium, hydrogen, and the 
Temperature cannot therefore vary the relative interl- 
ines. H and K, the chief lines of calcium, must always 
'minant, iron must remain because it cannot be destroyed, 
quantity of hydrogen and the cleveite gases present 
creased, their lines cannot therefore become more impor- 
ted r tun. 

clear that any change of relative density on the usual 
annot be brought about by an increase of temperature; 
nnot alter, it cannot change the relative proportions of 
present in any layer, and therefore the relative 
the lines which indicate the existence of the various 
the different layers, 
eturn to the other hypothesis, that, namely of dissociation, 
;e, in the light of laboratory experiments, that with every 
increase of temperature in all such masses of vapour and 
which now constitute the solar chromosphere and revers- 
fundamental change in the appearance of the spectrum 
it about; complex molecules would be broken up into 
and the result of this action would bring new lines into 
indicating the vibration of the molecules produced, 
come to facts. Were the temperature of the reversing 
lcreased, if dissociation takes place at this temperature, the 
products must become visible, and we must look for them 
lines whieh expand at the expense of those which contract 
r. Is any such experiment as this going on even at this 
The answer is beyond question. 

er, hotter chromosphere differs from the reversing layer 
lause this change has taken place. As T have said before, 
descending the sun's atmosphere from the are lines in the 
,-er to the enhanced Sines in the chromosphere, from the arc 
the "test spectrum," from the metals to the proto- 



uhl only be pointed out with regard to only a line or two 
can now be proved for a whole set of lines, and the dis- 
ument is seen to be vastly strengthened the more it is 



et 



us see where the stellar evidence helps us ; here I shall 
e main outlines merely. If in the sun the chromosphere is 
the reversins layer in a star slightly hotter than the sun, 
f laver which builds up the stars' absorption should 
chromosphere. 
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INORGANIC liVOIA'TIOX. [CHAf. 

I have already stated the facts with regard to a Cygni. Xow let 
ns look at them in the light of the dissociation hypothesis. 

The evidence is complete that the temperature in the reversing 
layer of a Cygni is higher than that of the reversing layer of the sun. 
What do we find 1 Of lines disappearing we have are lines of iron, 
•fnie thousands in numher, calcium, magnesium, strontium, and so on. 
01 lines increasing in importance we have the small numher repre- 
senting the enhanced lines of iron, the lines of hydrogen, and some 
itiers which we cannot at present associate with the name of any 
own substance. Here, then, we get a scries of phenomena which, 
the hypothesis we are discussing, is simply and sufficiently ex- 
lined by the statement that on passing from the temperature of the 
sun to that of a Cygni, among changes brought about the complicated 
line spectrum of iron is giving way to a more simple one consisting of the 
hanced lines. Further inquiries show that the other metallic spectra 
e behaving in the same way. Looking for the lines which increase in 
importance, while the others are reduced, we find the lines of hydrogen. 
So far then up the scale of temperature the solar and stellar record 
the same ; the star at the next stage of heat above the sun has its 
versing layer as hot as the sun's chromosphere, and the same "test 
ectrtun " as we have seen fits both. i bold that dissociation simply 
ai|id sufficiently explains this all-important fact. 

But this is as far as the sun can take us. The stars, however, con- 
nie the story. 

If we consider another change higher up in the scale of temperature, 
t;i king as the lower level a Cygni, at which we have arrived, we have 
independent evidence that the so-called Orion stars are hotter than 
si ch a star as 2 Cygni. 

On proceeding to study the higher dissociating temperature at 
ork in the Orion stars, ;tll the statements made with reference to 
e changes likely to occur ' in the spectrum on the non-dissociation 
-pothesis, strictly apply. "We cannot expect any change in the r cla- 
ve intensity of the lines and the appearance of the spectrum cannot 
i fundamentally altered. 

On the dissociation hypothesis, on the other hand, if we find cer- 
111 lines indicating certain substances disappearing, and other lines 
licaling other substances making their appearance for the first time 
(or if they were visible before, becoming much intensified), we shall 
ive an opportunity of studying the effects of the new dissociating 
fjirces at work. 

Isow is there any change ' The facts are that this increase of tem- 
perature we are now considering is accompanied by the gradual exlinc- 
>n nf the enhanced lines, an increase in the amount of hydrogen 
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tear for the first time. 

this with the former result, we get as distinct evidence 
i of the gas lines in the spectrum accompanies the disap- 
enhanced lines, as that an increased development of the 
accompanies the decrease of the arc lines. 

as an example, for the sake of simplicity ; it will he 
ic trial stellar phenomena might have lieen predicted up 
from a consideration of laboratory am! solar phe- 
the stars carry us further than our predictions; we see 
lcrease of hydrogen and cleveite gases. The facts 
as temperature increases hydrogen increases, and,, 
the cleveite gases not obvious before, finally replaces 
disappeared. 

: of the great stellar revelations, and it must be re- 
we have now hundreds of photographs which we can 
to study the gradual change. There are no " breaks in 
>f the most wonderful things about this line of work to 
simplicity, coupled with continuity, of the phenomena, 
ction with it. 

en to face the fact that on the dissociation hypothesis, 
hich exist at the temperature of the arc are broken up 
, which I have termed proto-mctals, at the fourth stage 
■f the high tension spark) which gives us the enhanced 
I he proto-metals are themselves broken up at some tern- 
we cannot reach in our laboratories into other simpler 
the cleveite gases, oxygen, nitrogen and carbon being 



si orv 



end here 1 No, there is a still higher stage ; after 
its have disappeared as the arc lines and enhanced lines 
er stages ; the new form of hydrogen to which I have 
attention and which we may think of ;w "'proto 
.kes its appearance. But there are already evidences 
is not the end of the simplifications brought about by 
ital stellar temperatures we are now discussing, 
avs he remembered that the Spottiswoodc coil (giving a 
with a tremendous battery of condensers only carries 
by which 1 mean that using this coil we obtain the 
of the proto-metals of very nearly the same relative 
lose under which they appear in that star, 
then we have a few distinct changes of spectra : these- 
5W independently by the increase in the length of the- 
■ds the ultra-violet accompany stages of increased teui- 
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perature. It is most natural to suppose that th 
peratures produce increasing simplifications. 

Dealing, then, with the changes which we can i 
bodies from the temperature of the aim upwards, w 
spectral changes on which the new chemical clas 
VII) has been based. 

Now if dissociation is not the cause of these ch 
to look for one equally simple and sufficient 1 

It is quite clear that the phenomena to be 
increase of temperature, that is in a series of 
gradually extending more and more into the u 
vastly different if the elements are dissociated 
be if the elements remained unchanged. 

The only change which we can imagine on the 
resulting from the increase of temperature, is 
in volume there will be a reduction in density, and 
equally enfeebled. But this is exactly what does 

It may be said that in consequence of a more 
in the hottest stars the hydrogen and elevcite 
reason or other, escape from among the metallic v 
upper special atmosphere of their own, in which, i 
greater chemical simplicity, the lines of these snl 
more important. But this argument is not philo 
have no light to assume such a change. These _ 
the sun and give us no traces of their existence 
above the chromosphere ; the gas that does cx\? 
regions is one about which we know nothing, so f 
of which no trace has yet been found in the spectrin!" 

I hold, then, that the stars more than justify 
of continuity ; their verdict is that, as in all 
licnce, a higher temperature brings about simplih' 
strange that as our horizon is expanded by nev 
same laws in operation. We have, in fact, in th 
work of dissociation carried on before our eyes in 
a point not reached anywhere else, and the stars 
is possibly d>eyond our laboratory possibilities, for 
lure I have employed only carries us to the heat 
which star the cleveite gases, if visible, give only \* 
are thus brought finally face to face with the fact 
pound into the ultimate formation of which hy 
gases, or both, may possibly enter. 
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Chapter X.— The "Series" Evidence. 



Iniivhti'ti'm. 

I defined the meaning of the term " Series" on p. 10, and point 
out how one of the important discoveries in recent years enables 
to study spectra from a new point of view. I propose in the prese 
chapter to deal with this subject in its most general aspect, and 
inquire whether this new method of inquiry helps us with any 
gestions or facts which may be utilized in the discussion of the dis.- 
ciation hypothesis : in other words, whether the new evidence afforded 1 
series, like the new evidence accumulated by the study of stellar speetr 
strengthens the view that the line spectra of the so-called ehemic 
elements are produced not by one but by more than one vibrath 
particle. 

To explain what is meant by "series," it is well to begin 1 
studying what are termed fluted spectra. I have already referred 
these and given photographs on p. 10; these (lutings are perfect 
rhythmic from end to end. The whole of a fluting may be regan 
as a unit ; it is generally strongest towards the right or the red end 
the spectrum, its elements gradually becoming dimmer as we approac 
the violet end. It is well seen in the accompanying untouched phot 
graph of some of the rlntings in the spectrum of nitrogen (Fig. 30). 

But a fluting is generally more than this ; it is built up of .-ul 
sidiary Outings. Each of the subdivisions of it is in itself an almo 
exact representatation in the small of what the whole thing is in the 
great; so that we have the conceptions of a simple fluting and 
compound fluting. The compound flutings are well represented i 
the flutings of carbon and magnesium (w Figs. 9 and 10). In a 
cases we get exquisite rhythm, though in some cases il is apparentl 
overlaid by other lines, and generally the system is intensified toward 
the red end of the spectrum. 

Now when we leave these flutings and study an ordinary lin 
spectrum, in a great many cases all rhythm seems to have disappearei 
There is apparently no law and no order. I have already in Fig. 1 
given the series observed in the spectra of the cleveite gases. Le 
us go into this a little closer and compare these " series " with th 
spectrum as ordinarily observed. Let us take the lines seen when w<>, 
expose the gas obtained from the mineral cleveite to the action of ;. 

(; 2 



)2010 Forgotten Books 



id 
IS 
It 

;o 
ng- 
4> 

■y 
'i, 
ti 

g 
y 

o 

y 
dejil 
of 



www. forgottenb ooks.org 



S4 



INORGANIC EVOLUTION. 



strong electric current. We observe no rhythm, and there seems to 



he a very irregular distribution (Fig. 31). 

I may here state that it has always been cubtomaiy 
reproducing spectra in the form of illustrations 



with me in 
to show the red end 



05 



a- 
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of the spectrum on the right hand side and 
left. As most of the workers on " series " do 
that they have to deal with the ■numbers of wa 
Jenf/ih, I propose in this chapter to depart fron 
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series spectra on the left, so that all the series 
comparable inter sc. 

d Paschen have shown conclusively that when we 
Hues out into series, there is just the same 
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we find in flirtings. Fig. 32 shows how they 
red into two sets of three series which gradually 
towards the violet and stronger towards the 
line spectrum when analyzed in this way, is 
jnderful order. 1 suggested many years ago that 
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the triplets in the ordinary lino spectrum of a 
lie remnants of compound flutiiigs, and such i 
seem to justify that suggestion. 

AYe arrive at the fact that the term " series 
lines. It is impossible to suppose that these 
series of lines are not related in some way to 
lieiug so ire have to study their wave-lengths, ti 
in the case of any one element to find out and 
and not only so, but to see if any relation exist; 
different elements. 

A Short History. 

The history of this quite modern inquiry i 
short as it is T only propose to refer to it in 
manner. 

The first attempt to discover relationships 
spectra was made by Lecoq de Boisbaudran,* 
spectrum of nitrogen. The conclusions he 
that the luminiferous vibrations of the molecule! 
with the laws of sound, but as these were not b. 
determinations of sufficient accuracy, and also w 
Thalen, no great weight could be attached to the 

Stoney,f who followed up these investigatio 
fnl ; he showed that the hydrogen lines C, F, 
by the relationship 20 : 27 : 3i>. 

Several other workers — Reynolds, Soret, 
but it was left for the more thorough work of Sch 
theory could no longer be considered as expressin 
the mutual relationships between the wave-1 
spectrum. 
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Liveing and De\var§ next called attention 
distance between two consecutive lines of these 
with diminishing wave-lengths, so that eventually 
cally approach a limit. "Harmonic" was the 
express such a series of similar groups of lines. 

It was, however, the work of Balmer which 
mpetus by which it has of late years made great 

Balmerj published a formula hy which the 



pojiit 

* Compies rendu,* (Ititi9), vol. Ixix, p. 694. 
t Phil. Mag. (1871), [ I], rot. xli, p. 201. 

X JSrit. Assoc. Report, 1SS0; Prac. Hoy. 6'oc. (18tfl), vol. ssii, p. 337. 
§ Phil. Trans. (1S83), p. 213, and previously. 
H Wied. Ann. (18S5), toI. ssv, p. S. 
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THK "SERIES EVIDENVE. ST 
rith wonderful accuracy. The formula 



in which A is the wave-length 
constant common for all the 
from 3 to 15. 

The constant A, aeconlin 
Angstrom units, or, using Anie 
units. 

Simultaneously with Bal 
the lines of aluminium and th; 
a definite relation to those o 
landrest published a formula fi 
lengths of the lines composing 

The above brief history 
which Kayser and Rungej; begja 



n vacuo of the line to be calculated, A 
ines, and n one of the series of numbers 

; to Cornu's measurements, is 364^-4:1 
-,' more correct value, 'SQil-20 Angstrom 



mer 



dealing with a great number < 
that liydbcrgij commenced to 



's discovery, Conm* pointed out that 
illiuiu, which are readily reversible, bear 
hydrogen, while at a later date Dcs- 
om which could be calculated the wave- 
the bands of numerous elements, 
'ings us down to the year 1887, in 
an their series of minute investigations 
: elements. It was also about this time 
fike up the subject. 
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I will state generally the 
tended. They have attack 
different standpoints. In tl. 
formula employed by Kaysej' 
Kydherg. 

The formula; are not by 
wave-frequency, that is to sa; 
of length. Both Kayser am 
signs to represent the success 
define certain of their terms, 
constants which are calculated 
consideration from this point 
there was one constant which 
series of lines in the spectra o 



* Complex rendus (ISSj), vol. o, 

t Jbid. (18SG), toI. wii, p. 375; 

% "Ueber die Spectron der K 
18SS, 1889, 1800, 1S91, 1692, 

§ Sseusl-a J'etenskat. Akad. Hi 
Wied. Aunalen (1SD3), toI. 1, p. 62' 



= A 



ifxer, Ilvhtji' und ]{tjilbenj. 

ground over which their work has ex- 
id the question mathematically from 
e following table (p. 88) I give the 
and Range, and that employed by 



means identical, but both deal with 
*, the number of waves in a given unit 
I Runge, and Kydberg employ certain 
ve integers which have to be used to 
and in addition to this we get certain 
for each series. The most interesting 
of view is that Kydberg found that 
be could use in order to search for the 
'. ull the chemical elements with which 

p. list. 

(I8S7J, vol. civ, p. 972. 

leiiiciite," ALliaiidlangen d. K, Akad. Jier!in y 

ndUiigar, Stockholm (1S00), to!, ssiii. Xo. 11 - r 
>; (1894), vol. lii, p. 110. 
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Formula: for Calculating Series. 



[( HA 1'. 



KavsiT and Rliugc. 



Rvdber" 



I-A 



i-B»- e + C)i- 



■nb ere 



{or 



where 



A. = w! Te-length 



1 

— = w 



= ns ye frequency) 



» = 3, 
A, B, C = cc 



4,5, . . 

stan t£ calculated far 
eaeh series. 



The constant 
are different f 
subordinate seri 

For sub-serie'! 
■constant A is ni 
series of all elenjen 
not vary by n 
Tlii 5 constant 
berg's 



for the principal series 
•ran those used in the 

of every element the 
arly identical. For all 
!.-* the constant B does 
ore than 22 per cent. 
3 corresponds to Eyd- 



n = wave frequency 
m = 1, 2, 3, . . . 
>" u = 109(2rS (a, constant ap- 
plicable to all scries 
of every element) 
n a _ J characteristic constants 
f I varying villi each series. 
In the above formula, when «i = =c , 
b= "o; or n a is the limit which the 
number of wares n approaches when tn 
\% infinite. 

The value of N„ is assumed by Eyd- 
berg to be constant, as it varies only 
slightly, and this variation may be duo 
to uncertain data. 



lie worked. 
Kayser and 
little from 
the first term 
length of the 
case of the ( 
lations by thi 
seemed to be 
-series must 
music. It 
that the 
yrave. Botl) 
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■we may lie a 
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employed by 
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There was no common constant similar to this used by 
nge, but they found that some of their constants varied 
nt to clement. In that way they not only obtained 
of a series, but the whole series throughout the entire 
spectrum, and where observations bad been made in the 
liferent elements they could of course cheek their calen- 
actnal observations so made, and see how the theory 
justified as the work was extended. The first line in a 
considered to be comparable to a fundamental note in 
■csents really the longest light wave in the same way 
amental note in music represents the longest sound 
series of results, obtained in the way I have described 
d J lunge and by Iiydbcrg, show ns that, in many eases, 
most certain to obtain from the higgledy-piggledy arrange 
lines in the spectrum of any one substance two or three 
■jjular series like those already shown in the case of 
^ases. There is a little difference in the nomenclature 
the investigators to whom I have referred, as shown in 
table. 
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Serif* Xomtnidoturc. 


Intensity. 


Kayser and Runge. 


Bydberg. 


Strongest 

Weaker 

Weakest 


. . Principal series . - 
.. 1st subordinate series 
.. 2nd subordinate series . 


Principal si:ries. 
Nebulous series. 
Sharp serifs. 





The strongest lines which they observed at the temperatures they 
worked with, they put into whfit they call a "principal series," and 
then the weaker lines were distributed among other two series. 
Kayser and Runge called them the " first- " and " second-suhordinate '' 
series; Rydberg calls them the " nebuious-series " and the "sharp- 
series." The lines of the principal series almost always reverse 
themselves very easily indeed— that is to say, that the absorption is 
indicated by them more readily than it is by the other lines. "When 
we come to the second subordinate or sharp series, it is found that 
these sometimes broaden out towards the red end of the spectrum. 

This work, of course, has required considerable investigation : 
the first attempts were not quite satisfactory, "because the observations 
on which they were based had not been of sufficient accuracy. "With 
greater dispersion it has been found that some of the lines which were 
supposed at first to be single are really double ; so that it is quite usual 
now when we consider this question of series to suppose that in some 
cases the series are composed of single lines, in other cases of doubles, 
and in other cases of triplets : and it was at first, indeed, imagined that 
in these differences we were face to face with a very important physical 
difference between the various elements, but Bydberg has suggested 
that possibly after all it may be a difference merely in the seeing. 

He says :* 

u The difference between the doubles and triplets is only relative. 
This opinion is confirmed by the fact that the triplets appear often 
in the form of doubles, the most refrangible component not having 
sufficient intensity to become visible. Further, the relative intensity 
of the components of the doubles seems equal to that of the two le** 
refrangible components of the triplets. 

"For these reasons I have dared to propose the hypothesis that 
the two kinds of component rays are of the same order, or that 
the doubles are only triplets of which the most refrangible com 
ponent is too feeble, to he seen, or has perhaps the absolute value o: 
zero. . . - 

* Am. jSc I'd. Ah. Hand., vol. xsiii, ii, p. 135. 
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are move difficult to see, and if the sub-series of 
towards either the red end or the blue end, then 
y to see one line than two, and more likely to see 
ee. 

y this suggestion made by Rydberg, it is interesting 
r Kayser is not inclined to hold the same opinion 
upon triplets, doublets, or single lines of the series as 
igs, whose other members are too weak to be seen. 
; we have for the elements of the first vertical column 
,ble, doublets ; for the second column, triplets ; for 
;. As the first column contains nionavalent elements, 
t ones, the third trivalent, it seems as if the elements 
■:ies had doublets, those with even valencies triplets, 
by the triplets of oxygen, sulphur, and selenium, 
;he sixth column, with even valency. As in every 
tlcments, the first elements show the series strongest, 
ier as the atomic weight increases (i.e., in the group 
mnot see the weaker second series for rubidium 
ic group copper, silver, gold we can find no series 
group of magnesium, calcium, strontium, barium, for 
ond series is already weak, for barium we cannot 
Wc should expect to find, according to Itydberg's 
spectra of every group first triplets, then doublets, 
But that is not so: so long as we find anything of 
Tiers are and remain triplets or doublets. 
' a very small number of the chemical elements 
gle lines; in the principal series, so far, we only 
id asterium ; in the subordinate series we only know 
number of double is very much greater, but it is 
lation to the principal series as it is in the case 
series ; but although we have nine elements giving 
subordinate series, we have only three which give 
al series. These results are shown in the following 



I should indicate the basis of these statements, and 
give in Fig. 33 a very small part of the spectra of 
ments, in order that the way in which the work has 
followed. In the lower horizon we are dealing with 
in which the triplets have been picked out will be 
The triplet in each case has its central line nearer to 
triplet than the other. All the triplets in the zinc 
iectly symmetrical from that point of view. If we 
spectrum — that of calcium — «e nr_d also that the 
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Double;- 
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Subordinate 
series. 



Oiygen 

Sulphur 

Selenium 

Magnesium 

Calcium 

Strontium 

Zinc. 

C;tdiniuni 
Mercury 



triplets urn formed in exactly the s;< 
the enormous labour which has been 
named in working out from the spec 



and from all the different regions of 
graphic, these delicate triplets. In 
represent the strongest lines, those n 
great deal of looking for. 

These investigations show that in 
iluced the same chemical group, bu; 
groupings, so to speak, are quite cliff 
ings. 

The facts so far ascertained are as follows ;- 



an e way. We can tints appreciate 
faced liy the inquirers I have 
I rn of a great many substances 
I lie spectrum, visible and photo- 
=i great many cases they do not 
ost easily seen, and some want a, 



some eases the series have repro- 
in some instances the series 
?rent from the chemical group- 



Group l 

J5 — 
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Litlihim, sodium 
Copper, silver, (gold 
Magnesium, calcium 
Zinc, cadmium, luee 
Aluminium, indium 



itssiiuii, rubidium, esvsiiim, 
?). 

, strontium, 
mry. 
thaliili'n. 



In the group of lithium, sodium, 
follows absolutely the chemical seqn 
chemical group — calcium, strontium, 1 
group, magnesium, calcium, strontium 
That is a very remarkable departure, a 
sider the various conditions which we 
to group. 

From group to group with increasing atomic weights the series 
advance towards the violet. Thus, an the limit of a series is repre- 



potassimu, the scries sequence 
e ice. 13ut when we come to the 
ariuin — we find it replaced by a 
while barium is not used at all. 
nd it shows that we have to con- 
ohservc in passing from group 
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sented by the first constant of the first subordinate of the four groups., 
the theoretical wave-length limit lies 

Between 3498 "2 and 506D ' 1 for lithium, sodium, potassium, rubidium, i-;esium. 
3168-0 „ 3256-0 „ copper, silver, gold. 
„ 2512 S „ 3222-6 ,, magnesium, calcium, Mrontium. 
„ 2328 '5 ,, 2490 - 1 „ due, cadmium, mercury. 

Ill each group with the increasing atomic weight the spectrum 
advances continually towards the red end; also the distance between, 
the components of the doublets and triplets increases with the atomic 
weights, so that for every group the distance is approximately propor- 
tional to the square of the atomic weight. 

The Irregularities observed. 

The above account I trust will give a general idea of the new 
investigation in its most general aspect. 

I have next to. point out that we meet with most marvellous 
irregularities. We have some elements with many series, in others no- 
series have been detected, the numbers of the series varying even in 
the gases. 'With regard to the metals, Kayscr has suggested that the- 
melting point seems to have something to do with the phenomena 
observed ; that is, that the higher the melting point the .smaller 
generally is the percentage of lines which is possible to distribute into- 
series. The following table will show this : — ■ 



Relation of Series to Melting I'oint*. 



Element. 


Melting point. 
Cent ig rude. 

i 


Percentage of' 
series lines. 


Barium 


16011" 


O 


Gold 


1200 


4 


Copper 


lor.o 


6 


Silver 


960 


2t> 


Strontium ,. 


700 


20 


Calcium 


700 


34 


Magnesium 


mo 


64 


Zinc 


410 


80 


Cadmium . . 


320 


50 


Lithium 


180 


100 


Sod'um. 


90 


100 


Csesium 


62 


100 


Potassium .. 


58 


100 


Rubidium . . ■ 


38 


100 


Memory 


-40 


27 



The accompanying general table will show the facts touching these 
various points which are at present known. The metallic elements 
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are arranged in the 
touching the total 
compound nature of 
picked up by the v. 
of the table. 



order of Mendeleeff's groups, and the irregularities 
number of series, of principal series, the simple or 
the lines of each series, and percentage of lines 
ious series, can all be gathered from an inspection 
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Principal 



2nd sub* = 
ordinates. ^ 'ELK 



p 



eo "5 I "3. ! tj 
= o '2 i c 
-js C =-i os 



^ "3 



3 O = .= 



'3 5 



■5'J 



Hydrogen . . 

Helium 

Asteriuui . . 

Lithium e . 

Sodium 

Potassium . . 

Hubidium . . 

Ciesium 

Copi>er 

Silver 

Gold 

Magnesium. . 
Calcium 
Strontium . . 
Barium 
Zinc 

Cadmium . . 
Mercury 
Akiininium. . 
Indium 
Thallium . . 
Tin .. 
Lead 
Arsenic 
Antimony .. 
Bismuth 
Oxygen 
Sulphur 
Self -a turn . . 



i 

T. 

■ II. 

TT. 

I- III. 
IV. 



3 
9 

13 



K 
IP 



If 



V. 



G5 
111 
IS!) 

2' 
II 
2(f) 
U 
2CG 

74 
113 
2uf7 

1 

31 



Tis-5 



3 

3 
3 
3 
3 
1 
1 
2 
•> 

0 
2 
2 
2 
0 
2 
2 
2 
2 
2 
2 
0 
0 
0 
0 
0 
6 
3 
3 



1 

1 
1 
1 
I 
1 
1 
1 

0 ■ 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

(2) 

1 
1 



? 

X 



100 
100 
100 
100 
100 
100 
100 
HX1 
6 
26 

L J 

0-1 
34 
20 



80 
SO 
27 



100 
100 
100 
100 
100 
100 
100 
100 



oo 
17 
i 

43 
14 
12 -5 
25 
25 
17 



ISO 
90 

as 

38 
62 
10S0 '5 

960 
1061 -7 

600 

700 

700 

J7o 

410 

320 
-40 

654 "5 

176 

282 

232 

32(! 

450 

629 -5 

270 

114 
217 



With regard to the s 
of zine, cadmium, ai 



case a very strong b 
Kent the principal se 
each of these elemen 
lines which may repi 



stated absence of "principal series" in the case 
d mercury, it may lie pointed out that in each 
■o:id reversed iine in the ultra-violet may repre- 
■ies; and in the ease of copper, silver, and gold, 
s contains in the ultra-violet a very strong pair of 
esent the principal series. 
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I think it is quite fair to remark at this stage oi 
if ali the vibratory atoms which produce the specti 
elements had all been brought to a similar condition 
plicity, in other words, if wo were really dealing 
atom as defined, in each ease, the amazing irregnlari 
found could hardly he expected. 

Some Di'taih, 



9-> 

our inquiry, that 
i of the chemical 
of greatest sim- 
,'ith the chemical 
t es which we have 



ot 



o: 



accep ted 



I will next go a little further into detail in tin 
meuts for the sake of instituting comparisons, and .< 
results lead us. 

The most remarkable case which I have to 
hydrogen. TVe do not know the meaning of it vti, 
taken into account in any consideration of these 
little time ago only one series was known in the s 
and reasoning on this basis, it was thought that the ; 
was far more simple than that of any other chemical 
that a chemical atom was only competent to produ 
short time ago, however, Professor Pickering, in his 
on the stars, to which I have already had the oppor'.i 
pp. 5y <■/ A-cy,, discovered a second series of lines. X 
lessor Kydherg suggested that one of the most imp 
a large group of stars really represented a line of the 
hydrogen. That conclusion has been generally s 
evidence is considered doubtful by some ; so that we 
hydrogen has three series like helium and asteriuni, a 
fore to be on solid ground in one direction, at all e\ 
some gases. That is, we may assmufi either that a 
by vibrating produce three series, or that hydrogen i 
threefold complexity. We have another series of me 
weight, which therefore chemically are supposed to 
siderahle simplicity ; we find that in the case of lith 
also deal with three scries, a principal series and two t 
The same remark applies to potassium. It has reccn 
sulphur and selenium also give us three series. YV 
series and the first and second subordinates, the s 
beyond these three is confined to one or two lines in 

But if we pass from the gas hydrogen to the gas 
we find 1 

In oxygen iff Jiurr .<L: s>:rit:s, that is twice as many 
hydrogen, helium, asteriuni, lithium, sodium, sulphur 
far as that goes, we are in the same condition thf 



s< em 



riife 



case of sonic ele- 
ing whither the 



•r to is that of 
t, but it has to be 
qi cstions. Until a 
pec brum of this gas, 
itom of hydrogen 
element, and also 
'C one series. A 
magnificent work 
mity of referring, 
long after, Pro- 
■fcant lines seen in 
principal series of 
, although the 
now assume that 
!id we seem there- 
ents, in regard to 
simple atom may 
is of at lend 
pals of low atomic 
represent a con- 
and sodium we 
ubonlinate series 
been found that 
? have a principal 
of anything 
case, 
oxygen, what do 



itself 



mm 



uggestion 
each 



as we know of in 
and so on. So 
t we were some 
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time ago when we i 



eleveite, when expose 
ii single gas with six 
to show that that vi< 
are prepared to 
calling one helium an 
stituents of the elevci 
same platform as In 
sodium, sulphur, Sec. 

Ii we consider thi 
little further, we find 
Hues wen at a low iem-j 
to observe the oxygei 
coil, a jar and an air 
which have no connec 



nagined that the gas obtained from the mineral 
1 to the action of a high tension spark, was really 
series. Very many arguments have been employed 
w is probably not an accurate one ; so that some 
separate the eleveite gas ot spark temperatures into two, 
.1 the other asteriuni. That brings these two con- 
ic gas, brought out by high temperatures, to the 
drogen with the recent developments, lithium, 



l:; 



extraordinary condition in the case of oxygen a 
that the six scries, imli; after nil pick vp the oxygen 
endure, and that if we employ a high temperature 
spectrum, that is to say, if we use an induction 
nreak, we find a very considerable number of lines 
tion whatever with any of the series so far marie 



SM&t* 1 




- 


i 
1 




- -> ^ 
1." [. 


■ 




r 




'li 


i ii i, in. 


t< 

3,^, 




t 


IS,; 



Suit* 



Statin* 



3f UrJ 



out. And we are fac 
case of oxygen there 
than there are lines i 
chemical substance, 
dealing with the oxj 
culties. The inquiry 

The next point 
'jtrineipnl scr/V.-.', but 
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CALCIUM 
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1. I 
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Fi<i.;3-k — lisp lowing -eries and residual lines in spectra of calcium and' 

magnesium. 



f.r 



to face with this very awkward fact, that in the 
:'e more lines which we cannot get into a series 
the six series which we have attributed to that 
Here, therefore, on the hypothesis that we are 
gen " atom," we begin certainly to get into ditii- 
is not straightforward. 

■i. that in the case of other substances, v:e Iwre no 
Ay two subordinate ones. This happens in the 
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case of magn 
and tellurium ; 
no principal sci 
nesinm, in the 
how many of th<: 
furnish some de 
give the lines 
horizons we hav< 
series. The nex 
are not distrihut. 
number outs tain 
portant indeed 
conspicuous in tl 
spectrum, have 
series of calcium 
to he getting 
case of some of 
same thing hold 
the temperature 
of calcium. A 
form the series, 
after all attempt 

I have now t 
in the case of c 
showed on pages 
temperatures 
their appearance 
in the hottest 
have added thesi: 
slightest trace oi 
that the f urthei 
fill simplicity w 

I refer next 
arsenic, antimony 
series whatever 
have tried to ge 
previously invet 
and Runge to pi 
absence of series 
with which they 
low, as in the 
would show at 
over. But, whem 
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calcium anil strontium, and also aluminium, zinc, 
we have a first and second subordinate series, hut 
cs. T have studied the lines of calcium and mag- 
way that the lines of oxygen were studied, to see 
lines are picked up by the series, and I proceed to 
:ails. In the upper part of the diagram (Fig. 31-) I 
in the arc spectrum of calcium, and in the two next 
the lines picked up in the first and second suhordinate 
horizon gives the residual lines — lines, that is, which 
Lhle among these series, ffe see that there is a large 
ling just as iu the case of oxygen, and it is very im- 
< note that the two lines H and K, which are more 
.e spectrum of the sun than all the other lines of the 
been caught by any of these researchers into the 
Therefore, with a reduced number of series, we seem 
further from the simplicity we began with in the 
e permanent gases like hydrogen and helium. The 
with regard to magnesium, the spectrum of which at 
sf the arc has not so many lines in it as the spectrum 
certain number of these lines has been picked up to 
hut we get numerous lines which have been left over 
s to sort them into series have been made. 
> refer to another consideration. We have dealt so far 
.dcium and magnesium with it re temperatures, but 1 
So and 36 that in the case of these metals at n/xtrk 
spectra are greatly changed, enhanced lines making 
and I stated on page 57 that the all-important lines 
-s are lines seen at the temperature of the spark. T 
lines to the diagram, and we see that there is not the 
those lines having been picked up in the series. So 
we go, the more we seem to get away from that beau ti- 
ll h which we began, 
to another group of substances, namely, tin, lead, 
, bismuth and gold, and I might mention more. No 
lave as yet rewarded the many attempts of those who 
■; those metals and non-metals on all-fours with those 
tigated. As already stated, it remained for Kayser 
lint out that it looked very much as if this complete 
was connected with the melting points of the substances 
had been dealing. So long as the melting point was 
case of sodium and lithium, the normal three series 
low temperatures; and, further, there were no lines 
we deal with substances with high melting points, 

il 
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there arc no series at all. In the ca.se 
■Vc, all the lines are picked up : in the 
the scries pick ivp only a very small p 
fore, to he ;i progression of complcxi 
point with regard to all the metallic sn 
examined. 

In the case of barium with a high 
all represented in "series": contrasts 
of lithium. But then again, when we 
of low melting point, instead of gett 
about 25 per cent, of the lines represci 
do the gases. 

Gencml Conrl 
■ati s 



of lithium, sodium, potassium, 
case of topper, silver, and gold, 
■oportion. There seems, there- 



at oms 



C5111 



.ve : 



The evidence then seems to indicM 
case of the elements studied by the m 
scries must possess different degrees of 
it was imagined that hydrogen was i 
simple vihr.'ttions that only one series t 
that is so, then it looks very much as i 
of lilies nf least three molecules or 
in ail probability at work in prodi 
series, that points to a still greater 
case of oxygen, we get six series not ac 
we should be quite justified, 1 think, in 
of the most complex things that we w 
our studies of "series" in cases where 
come to metals where there are no series 
are dealing with substances with high 
we cannot bring them down easily to 
by the free paths and collision couditi 
is quite easy to suppose, on that acc-ou 
vibrations of any of the more simple f 
Hence, then, I submit that the ev 
p!ex origin of Hue spectra by the studies 
obtained from high temperature work 
sion of stellar spectra in relation to tha 
I have already referred to the case 
Professors Pickering and Kayser 1 
is due most probably to a high tern: 
states, " that this scries has never been 
explained by insufficient temperature ii 
the stars." 



10 :i 



tor 



[chap, 



with the increasing melting 



)stanees which have so far been 



siting point, we get no lines at 
with 100 per cent, in the case 
come to mercury, which is also 
ng 100 per cent, we only get 
ited. The metals then vary as 



u xu my. 

that the chemical units in the 
3vements written out by these 
complexity. A little time ago 
■endered visible to us by such 
f lines could be produced. If 
whenever we see three series 
, three different things, are 
cing them. When we get six 
plexity, and when, as in the 
counting for half the lines, then 
supposing that oxygen was one 
re brought face to face with in 
.hey are observable. When we 
at all, what do we find 1 \Ve 
melting points — that is to say, 
,hose mobile states represented 
s of a permanent gas; and it 
it alone, that we do not see the 
;ms. 

clence presented as to the com- 
of " series " is as clear as that 
in the laboratory and a discus- 
, work. 

hydrogen. 
>oth concede that the new series 
jerature, and Kayser expressly 
observed before, can perhaps be 
our (Teissier tubes and most of 
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It seems as if the two series are of the "subordinate " type, and 
that the principal series is wanting if Tiydberg's conclusion be not 
accepted ; because while in subordinate series the lines for large values 
of ri lie very near to one another, the similar lines of the pri icipal series 
on the other hand are always more refrangible. It seems, therefore, 
probable that one or two of the many unknown lines record sd in stellar 
spectra still awaiting identification may belong to the principal series 
of hydrogen. 

If we are dealing in this ease with a single molecule 
vibrating in a previously unknown way in consequence 
temperature, why is it that the molecules of other bodies d 
similar transcendental vibrations and appear in the same 
we shidl get new forms of the other chemical elements ? 
we do not do so is, I claim, an argument in favour of the v 
prineipal and subordinate series are produced by molecules 
complexities, and that the finer molecules can alone wi 
action of the highest temperatures, and require high tern 
produce them. 

In this way we can easily explain the visibility of the 
hydrogen in connection only or mainly with the lines of 
and other similar gases (for there is already evidence of t 
of other similar gases) in the hottest stars. 

From the admirable work done on such substances 
sodium and potassium, which apparently are reduced to 
atoms at relatively low temperatures, and more recently on 
oxygen seen at low temperatures, we are hound to consider 
research includes the complicated spectrum of iron that th. 
follow suit; but it is already obvious that a principal a 
ordinate series will never do; there will be very many sen 

Now these series must include both the arc and the enl 
and as these are visible each without the other in stars 
temperatures, in one case associated with the elcveite gase:. 
without them, we have another argument in favour of mt 
plexity. 

I may here point out that it is always the hot line v 
" series." The argument that lines in series represent 
of one molecule proves that lines not in series are pr 
vibrations of some other molecule. 



si J 



Finally then, I stated in 187.S that the spectrum of a 
the integration of the spectra of various molecular groupin 

It has now been definitely established that the specti 
substances is the integration of " series."' 



if hydrogen 
of a higher 
i tiot put on 
ars so that 
he fact that 
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of different 
.hstand the 
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So far there has 
possibility that each 
cules, hut the facts as 
we consider a series as i 
tion. There ;ire facts v 
result. 

I am glad to he a 
Kayser has kindly read 
his opinion, which he al. 

" I quite agree wil^i 
.are in general very cc 
complexity is very va 
■conditions. I think t 
has the simplest structu 
-condition it will emit , 
perhaps three, series of 
high enough above the 
nevertheless some will 
mixture of molecules, f 
this temperature to 
gets lower and lower, 
while the simplest ones 
simplicity of the spe 
•or none, remain, and th 
a great many different 
first publication of Ka^ 
1888), and I think oar 
it." 



bsen 



the 



mor 



ctnim 



[chap. x. 



no definite pronouncement touching the 
ies may represent vibrations of similar mole- 
stand are in favour of this view so long as 
presenting the simplest result of atomic vibra- 
hich suggest that even a series is not a simple 



■le to complete this chapter, which Professor 
over for me, with the following expression of 
ows me to publish. 

your opinion, that the molecules of elements 
niplicated systems of atoms, and that their 
riable with temperature and perhaps other 
at the highest temperature every molecule 
■c; is perhaps a single atom; and that in this 
very simple spectrum consisting of one, or 
doublets or triplets. If the temperature is not 
melting point to dissociate all the molecules, 
be dissociated, and we shall have always a 
'om the most complex ones that can exist at 
most simple ones. "When the temperature 
■e and more complex molecules will be added, 
gradually disappear. In the same degree the 
is lost, of the series only the strongest lines 
spectrum is the sum of more or less lines cf 
spectra. I expressed the same opinion in the 
-ser and Runge (Abhanrtl. d. k. AkaiL, Berlin, 
esearehes have shown nothing that contradicts 
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Recent work in America, by means of the great dispersion afforc.ed hy 
Holland's concave gratings, has supplied us with results* of the 
highest interest, touching small variations in the wave-long :hs of 
spectral lines and the causes which produce them. These are stated to 
have been, in the first instance, established by Mr. Jewell hy an iixami- 
nation of the Rowland series of photographs of the solar and metallic 
spectra taken hy means of a concave grating of 21^ feet radi is and 
20,000 lines to the inch- — an instrument of research which, so far as 
my own experience goes, is obtained with great difficulty by wjorkers 
in this country. 

Mr. Jewell's investigations began in 1890. Messrs. Humplire 
Mohler studied in 1895 the effects of pressure on the arc spectra 
elements, work suggested hy Mr. Jewell's prior researches. 

Mr. Jewell, as a basis for his new conclusions, investigated 
modern conditions classes of phenomena which 1 was the fi 
observe and describe more than a quarter of a century ago. 

To show the relation of the new work to the old, it is 1 
begin with a short historical statement, which will have the adv 
of giving an idea of the meaning of some of the terms employed 

I first employed, as stated on p. 22, the method of throw 
image of a light source on to the slit of a spectroscope by means of a 
lens in I860, and some of the results obtained by the new nliethod 
were the following. 

(1) The spectral lines, obtained hy using such a light source as the 
electric arc, were of different lengths; some only appeared in the 
spectrum of the core of the arc, others extended far away ii to the 
flame and outer envelopes. This effect was best studied hy th 
the image of a horizontal arc on a vertical slit. The lengths 
lines photographed in the electric arc of many metallic elements 
tabulated and published in Phil. Trans., 1873 and 1874. 

(2) The longest lines of each metal generally were wider th 
others, the edges fading oil', and they reversed themselves ; by 
mean that an absorption line rait down the centres of the brigb 
These results were afterwards confirmed and extended by Cornn 

* Astropfij/sit-al Journal, February, 1S9C. vol. iii, p. 111. 
t Chemistry of the Sua, \t. 370. 
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(3) From experiments with mixtures of metallic vapours and ^ases 
it came out that the longest lines of the smaller constituent reiii;.ineil 
visible after the shorter lines hail disappeared, the spectrum of each 
substance piesent getting gradually simpler as its percentage was 
reduced,* the shorter lines being extinguished gradually. Shjrtly 
atter these observations were made, I included among some s;e leral 
proposition* :t " In encounters of dissimilar molecules the vihratio.is of 
each are damped." 

(i) The various widths of the lines, especially of the winged longest 
ones, were found to depend upon pressure or density, and not tem- 
perature. 1 

(5) The "longest lines" of any one metal were found to vary in 
their behaviour in most extraordinary fashion in solar phenomena, 
heing furthermore differentiated from the shorter ones ; and on this 
and other evidence, J founded my working hypothesis of the dissocia- 
tion of the chemical elements at the solar temperature. In 1ST 6 T set 
out the facts with regard to calcium. 

(6) Tn 1S83, Professor \V. Yogel, in a friendly criticism, pouted 
out the evidence, then beginning to accumulate, that under certai i cir- 
cumstances the wave-lengths of lines are changed. g In 188", I extended 
this evidence,' and I think it was I who coined the word " shif '' to 
express these changes.* 

I now pass on first to the results which Mr. Jewell claims to have 
established. 

\Vith the enormous dispersion produced by the instruments referred 
to, it is found that certain metallic lines, but not all, are displac 
" shifted " towards the violet when compared with the eorrespoi 
solar lines. "There was a distinct difference in the displacement 
only for the lines of different elements, but also for the lines ol dif- 
ferent character belonging to the same element." 

The "different character" above referred to turns out to r 
not so much to the intensity as to the length of the line, and, 
ciated with this, its reversibility; the longest lines are the mos 
placed, the shortest, least. 

Further, in the spectrum of the arc itself, the position of a line 

* Phil Trans. (1*73), p. 4S2. 
t Studies in Sjiei-fium Analysis (IfiTS), p. llO. 
I Fl,il. T,-aM., 1872, p. 253. 
§ yature, vol. swii (18S3), p. 233. 

Chemistry of the Sun, p. 3UC. 
*~ Since, the parentage in uncertain, I may sav t hat perhaps "' sliiflinga " uoulii 
have been a bettor word, as shift is otherwise employer!, e.g., Lore's last iliift 
tr, I A liv a French mill. or, la th,-„iere chfrnisf i/t /'uiimnr). 
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hut little material present " v 
lion of the line when reversed, 
displaced to the violet, this 
a substance present the greatei 
and, therefore, the greater tin 
placement towards the red. 

Mr. Jewell found that " w 
material in the arc there was 
towards the red," and then tha 
further progress in that direct 

Here is an observation ret. 
was found that if the micr 
little cadmium in the arc, th 
almost bodily left the cross-haii 

Mr. Jewell considers he h 
of an atom depends to some 
increase of the density of the 
pressure, seemed to produce 
period." My result of If* 7 2 \ 
"the new results are found to 

We seem, then, now to be i 
case even of metallic lines, on 
with dissimilar molecules, am 
towards the red when we deal 

A carefully prepared tab 
character of the solar lines c 
the corresponding metallic lii 
observed displacement. 

Many references to solar 
relation to his work, but I do l 
is one point, however, I must 
sious to be drawn from a study 
of the necessity of any dissoi 
solar phenomena." I have aln 
W. Vogel's conclusion with rei 
18*3. 

It is quite easy. "Two a 
show the effects of a violent r 
tions, in the neighbourhood of 
responding to one of Lockyei 
and increase of intensity in 
Other line (the larger one co; 
lines ') is unaffected. But thifc 



be 



on 



LY THE SHlFTl.Vli OF I.IXKS. 



10:; 



as approximately the same a» the poni- 
Xow since the longest lines are most- 
ans that the smaller the quantity of 
s the displacement towards the violet ; 
quantity present, the greater the dis- 



ith an increase in the amount of the 
an increasing displacement of the line 
, "mi lens the line became reversed, all 
ceased." 



arding the red liiie of cadmium. 



It 



■ wires were set upon it with very 
as the amount was increased the line 
s, always moving towards the red." 
is established tlnit the vibration-period 
extent upon its environments. "An 
material, and presumably an increase of 
a damping effect upon the vibration 
iih regard to pressure was endorsed, 
due to pressure and not temperature." 
presence of two damping effects in the 
which extinguishes lines when wc deal 
I one which changes their wave-length 
ivith similar molecules, 
le showed the origin, intensity and 
■idered, the intensity and character of 
es, the wave-lengths of both, and the 



ph 



enoinena were made by Mr. Jewell in 
ot propose to discuss them here. There 
"efer to. He considers that the concin- 
of the new shifts " effectually disposes 
iation hypothesis to account for mont 
ady pointed out that this was Professor 
ard to possible shifts, so far back as 



Ijaceut Hues of iron, for instance, may 
.lotion of iron vapour in opposite direc- 
spots, or one line (the smaller one cor- 
's 'short lines') may show a broadening 
the spectrum of a sun-spot, while the 
■responding to one of Lockyer's ' long 
does not prove that iron vapour is dis- 
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suciated in the sun. It 
portions of the tivo lines 
ferent elevations in the s< 
will he affected in a sim- 
the portion of the line proflueed 
and may lie masked com 
produced at a higher lev' 
solar spectrum may he cn 



erely slums that the apparently similar 
n the solar spectrum are produced at dif- 
lar atmosphere. The stronger iron line 
spot as much as the other one, but it is 
at the same level as the other line, 
oi' very largely, by the emission line 
, while the second absorption line in the 
tjirely unaffected, being produced at a still 



pi etel y, 

re I 



higher altitude." 

"This also explains why 
of an element may be most 
(generally the long lines) 
nences or in the ehromosph 

My thirty-three years' ' 
an oppressive feeling of ij, 
Jewell a knowledge so m 
perfect right to dismiss all 
to point out that he has not 

A eoinparison of the fact 
drives his last paragraph in 
have to do with the short 1 
lines in spots, the exact opp 
run counter to my views in 
duced at different elevations 
eclipse observation of 1882 
evidence will be found on 
concrete instance, are pr> 
atmosphere : and that was 
me to abandon the thin 
and myself in 18(59 in opp 
more we consider the solai 
families of iron lines free 
more a dissociation hypo 
have to take into account 
at all are seen amongst the 
we have little else. 

The real bearing of thj; 
has been accurately caught 

Another very interestin 
phenomena of absorption. 
As I pointed out in 1 iST U, 
anil a whole host nf nnex] 

Che mi xi 



I1GAXIC EVOLUTION. 
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some of the lines (the short lines generally) 
prominent in sun-spot spectra, while others 
ire those most frequently seen in promi- 
se." 

rork at soiar physics leaves me with snch 
norance that T willingly eoneede to Mr. 

reater than my osvn as to give him a 
my work in two lines; hut I am compelled 
carefully read what I have published, 
s brought together on page I'C, for instance, 
to thin air ; it is distinctly shown that we 
nes in the chromosphere and with the long 
>site of his statement. Mr. Jewell does not 
supposing that different phenomena arepro- 
. I thought 1 had abundantly proved in my 
{Ohemiafry <>f Hie Stiv, p. 363), and ihe later 
p. 41, d that the iron lines, to take a 
:Iueed at different heights in the solar 
one among many reasons which compelled 
ersing layer suggested by Dr. Frankland 
isition to Kirchhotf's view. But surely the 
atmosphere as let out in fiats, with certain 
:o dwell in each and to nit a discretion, the 
sis is wanted. And beyond all this, we 
.hat at the sun-spot maximum no iron lines 
most widened lines, while at the minimum 



lei 



tie, 



new work on the dissociation hypothesis 
>y Professor Hale, as I shall show later. 
; part of Mr. Jewell's work refers to the 
There is room for plenty of work here, 
ive get unequal widenings, " trnmpetings,"' 
lained phenomena.* It is clear that the 

rv of the Srtn, pp. 380—387. 
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EVIDENCE AFFORDED FiV THE SHIFTING OF LINES. 



enormous 

matters. 
I now ] 
These 

cylindrical 

teen at 

were taken 

iieen measi 



specimens 
have obtained 



ass to Messrs. Humphreys and Mohler's researches, 
iivestigators uatid an electric- arc enclosed in a east-iron 
vessel, which enabled them to vary the pressure up to fonr- 
eres. One hundred photographs of metallic spectra 
and the shifts of some lines of twenty-three elements have 
.red. The accompanying rough diagram, bringing together 
>f their observations, will indicate the kind of result they 



mo* ph 



The pr 
towards tl 
The shifts 
neighbour i 

The 
was alwai 
length an 
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dispersion at Mr. Jewell's command will largely help 




TiG-. 35. bhanges of ivare-Iciiglli produced hj pressure, showing the different 
behaviours of the lines of calcium (11 and K mid the blue line). 



ussures in atmospheres are shown to the left. The shift 



it red in thousandths of an Angstrom unit are shown below, 
have been reduced to what they would be at k 4000, in the 
,ood of which most of the work was done. 
_ ± _ accment or shift varied greatly for different elements. It 
■s towards the red, and directly proportional to the wave- 
the excess of pressure over one atmosphere. 



displ 
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(July one exception to tin's general statement was noted at tl.e 
beginning of the inquiry ; it refers to calcium. " The lines H and 
anioiiii others, shift only about half as much as </ (the 1)1 lie line 
A ■! JJ(i-yi). and the group at A.jGOO. That;/ should differ in tl is 
respect from II and K is not very surprising, since it is known to dill' 
greatly from them in many other respects." 

On this exceptional behaviour of these lines of calcium, I quote tin 
following, from a note liy Professor Hale.* 

" The' difference in liehavionr of H and K and the blue line 
calcium discovered by .Messrs. Jewell, Humphreys, and Alohler, seei 
to support Loekyer's views as to the dissociation of calcium in the a 
and sun. The remarkable variations of the calcium spectrum wi 
temperature have long been known principally through the invesiit 
tions of Lockyer. The writer has shown that the II and K lines a 
produced at the temperature of burning magnesium and in the o.\y- 
coal-gas flame. They could not he photographed in the spectrum 
the liunsen burner, though an exposure of sixty-four hours was givm 
Since these experiments were made, I have been informed by I'rofes? 
Eder that his own efforts to photograph the lines in the Bun sen bun 
were no more successful, though an optical train of quartz and fin 
.spar was employed. It would thus appear that the temperature of the 
dissociation of calcium is between that of the ilunseu burner and ti 
of the oxy-eoal-gas flame. The high 'molecular weight of calcium I: 
hitherto conflicted with our belief in the presence of this metal 
prominences. If, however, it lie granted that dissociation can 
brought about by temperatures even lower than that of the arc, the 
difficulty is very greatly lessened." 

In an article which 1 wrote in Xntnre on this work,t I pointed < 
that " it would be very interesting to see if the strontium line 
A 4G07 - 5i! behaves like the calcium <j in relation to the lines at A 4077 ■ 
and A 4-15'GG, representing H and K." 

This prediction was subsequently confirmed by Air. Humphrey 
who yave a table of the shifts measured on the strontium lines mentioi ed 
above. When working with pressures varying from (i to i'2 atm 
spheres, the shift of the hue at A 4077\Stf was always approximately 
half that at A 4607-oJ. 

There can be little doubt after tin's successful prediction that otl ei 
enhanced lines will follow suit as this new attack is carried further. 



" AstfOjihi/nieal Joiti-im!, loc. ril. 
t Satvy. vol. liii. p. il6, Maivti. 1S98. 
X " I In 1 Elfci't of Tie- -iii rc on I he Wfv;- lengths of lines in the Spectra of cert 
Tcli li.t'iu?,'' A.itr<ij>liyxirul Jut'ru-il. i,il. iv, p. 249. 
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rec ;n 



The '• shifts " we hs 
eiu^irou in out 

But there are also i 
lion of which has 
conclusions of great 
Messrs. Jewell, Humpl 

To see the point of 
taken between two 
thus described. 

" The initial diseh 
must do so because the 
intense heat generate! 
which then begins 
tions of the discharge 
not through the air."* 

Xext let u- assume 
to pass to the other, 
the spark ijiu'i air will 
will give no curved liu 

Next suppose that 
by the three different 
done by Dr. Arthur 

" The method of 
several years in various 
On the other hand 
method used by Profe: 
This method consists i 
rotating wheel. All t 
so powerful that each i 
trnm on the film. T 
images taken on the 
developed on a 
the case. The metal 
the wheel rotates, and 
diffusion of the metal 
remain straight, thong 

" To avoid the ten 
round its rim, as in th 
was constructed for us 
pany. The film is 



■ < rt/iui'-'l ,<hij'tiiiij of Line*. 
re so far referred to are real, depending upon the 
of the molecules the vibrations of which build up the spectra. 

-hat we may term artificial shifts, the obsevva- 
mtiy led Dr. Schuster and Mr. Hemsalech tn 
importance almost equalling those noted by 
3 revs and Mohler from onr special point of view, 
hi.- new work, let us consider a strong jar spark 
different metallic poles in air. What happens i- 



good 



stationary 
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tae 



irge of the jar takes place through the air ; it 
■e is at fir*t no metallic vapour present. The 
I by the electric em-rent volatilises the metal 
to diffuse away from the poles ; the subsequent oscilla- 
take place through the metallic vapours and 

that the vapours produced at each pole fake tut" 
[f we observe by means of a revolving mirror, 
iive us a straight line, the spark <j_na each vapon: 

instead of observing the sparks thus produced 
ources, we observe their spectra. This has been 
and Mr. Ilenisalech, who thus refer to it : — 
rotating mirror tried during the course ut 
i forms by one of ns, did not prove successful. 

results were obtained at once on trying the 
sor Dixon in his researches on explosive waves. 
i fixing a photographic film round the rim of ;< 
fat is necessary for its success is to have spark- 
* ingle one gives a good impression of its spec- 
ere the sparks absolutely instantaneous, the 
rotating wheel would be identical with those 
ary plate, but on trial this is found not to be 
incs are found to be inclined anil curved when 
their inclination serves to measure the rate of 
ic particles. The air line.-, on the other hand, 
h slightly widened. 

lency of the film to fly off the wheel when fixed 
original form of the apparatus, a spinning disc 
by the Cambridge Scientific Instrument Corn- 
flat against the disc, and is kept in place hy 



plaeed 



Prcc. Roy. isar., toI. G4, p. 331. 



© 2010 Forgotten Books www.forgottenbooks.org 



108 IXORfiANlC EVOLUTION". [CHAP. XI. 

i second smaller disc, which can be screwed lightly to the first. The 
liamcters of the two discs are 33 and 22 - 2 cm., the photographs being 
alteu in the annular space of 10 8 cm., left uncovered by the smaller 
lisc. An electric motor drives the disc, and we have obtained velocities 
of 170 turns per second, though in our experiments the number of 
evolutions was generally about 120, giving a linear velocity of about 
00 metres second for that part of the film on which the photograph 
vas taken." 

Smv the eiu'vature of the metallic lines must depend upon the 

ate of diffusion of the vapours in opposite directions from the metallic 
poles; and if the spectrum of each metal used as a pole be due to the 

'ibrations of one set of molecules, there will be equal curvature in 

ill the lines of that metal. 

The photographs however, so far taken, show that the curvature 

< not equal ; so in this work as in the other I have referred to in the 
previous chapters, and shall refer to in subsequent ones, we are driven 

o the conclusion that the spectrum has a complex origin. The results 
< f the investigation, so far as it has gone, have not yet been completely 
published, but Dr. Schuster in a letter to me states that he has "no 
c oiibt as to great differences in inclination [curvature] of the bismuth 
lines. I also believe the difference to be real in the ease of the zinc lines 
(the green doublet being different from the blue triplet), but this I do not 

onsider established with the same certainty as in the case of bismuth." 
In order to give an example of the magnitude of the differences in 

elocity determined by the unequal curvature of the lines, Dr. A. 
Schuster allows me to print the following numbers : — 

Wave- Velocity 

Metal, lengl h. met res, second. 

Zinc 4025 1 .y. 

49] 2 J ° 

545 

4722 J 

Cadmium 5379 1 

> i3d 



559 



1420 

533 

394 
4M 
3S3 
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method by wh 
tried. In Jan 
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of sodium, chit 
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"The colon 
and the salts ol 
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magnet was m. 



ad 



n cm 



tl.e 



or change in 



polarizer or an 
" Two other 
flame establi 
optic apparatus 
magnetic axis 
excited and ren 
ized or unpolf 
About the 
experiments w 
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Evidence Afforded by the Magnetic Pekti'rba- 
tions ov Lixek. 

e present electro-magnetic theory of light was formu- 
;ent shape, several observers endeavoured to see if any 
was to be noted when the light source was placed in 
tic field. 

•ofessor Tait seems to have been the earliest. He made 
1855 :* it led to no result. The same thing happened to 
62. Indeed, his experiment on this question was the 
e. I extract the following account of it from his life 
ones :— T 

;he last year of experimental research. Steinheil's appa- 
g the spectrum of different substances gave a new 
ch the action of magnetic poles upon light could be 
nary be marie himself familiar with the apparatus, and 
action of the great magnet on the spectrum of chloride 
ride of barium, chloride of strontium, and chloride of 



lracnt 



slv 



made on March 12 is thus recorded : — 
■less gas flame ascended between the poles of the magnet, 
sodium lithium were used to give colour. A Xicol's 
ilaced just before the intense magnetic field, and an 
3 other extreme of the apparatus. Then the electro- 
ide and unmade, but not the slightest trace of effect on 
lines in the spectrum was observed in any position of 
yzer. 

pierced poles were adjusted at the magnet, the coloured 
letween them, and only that ray taken up by the 
which came to it along the axis of the poles, i.e., in the 
>r line of magnetic force. Then the electro-magnet was 
dered neutral, but not the slightest effect on the polar- 
ray was observed." 
year 1872, Professor Clifford and myself made some 
the large Steinheil spectroscope then in use in my 
School of Science; the only magnet available was a 



shod 



ir ized 



nil 
trie 



Proc. Roy. Soc. Edin., vol. ix, p. 11S, 1875-6. 
■' Vol. ii, p. J49, 1S70. 
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feeble one, and nothing uame of them. In 1SS5 M. Fievez* was 
fortunate. He made a set of experiments which may be said to 
tirst recorded success, or at least partial success, of the solution 
problem which now concerns ns. M. Fievez observing with a rlf 
a magnetic field as Faraday had previously done, lie noticed a 
ing, and apparently a doubling of lines, but the doubling he attr 
to absorption. He wrote : — 

" Les phe'nomenes ijiii se manifestent sons Taction dn 
-out identiqiiemeut les memes que cenx produits par une elevat 
temperature." 

In spite of this, however, Dr. Preston has expressed the 
that if Fievez " had known the theory, the whole question woul 
lieea settled in 1885." 

The subject remained unfruitful until 1897, when Dr. Zeeman 
made known the results! of an important series of observations which 
he had been quietly carrying out. 

In it course of measurements concerning the phenomena first ob- 
served by Dr. Kerr, Dr. Zeeman was led to reopen the inquiry whether 
the light of a flame submitted to the action of magnetism rea.ly did 
undergo any change. He remarked : " If a Faraday thought of the 
possibility of the above-mentioned relation, perhaps it might -et be 
worth while to try the experiment again with the excellent a«: 
of spectroscopy of the present time. . . ." And his obser 
established that the bright lines of spectra are modified consic 
when a strong magnetic field is used. It was at once seen w 
vious experimenters had failed : the effect is small, so that 
strong field, high dispersion is necessary. 

Xo sooner had Dr. Zeeman made his discovery public, th; 
lessor Lorentz, and subsequently Dr. Larmor, investigated the 
theoretically. They showed thai dealing with the theory in its 
form, not only mere broadening of the lines should be expec 
that each line should really consist of three separate lines, or in 
words, form a triplet. 

According to the simple theory, each element of matter which 
carries an electric charge proper to it — the complex being called an 
ion— has its movements affected by the magnetic field. 

If we consider these ions to be the elements of matter the 
ments of which produce light, it is certain that in a magnetic fi 
movements will be affected , there will not only be the normal 
ment in the orbit, but an added processional movement, or spin, 

* Bulletin ile VActul. ties Sciences de Belgique, 3c ."vrie, tumc ix, p. 3S1 
t Phil. [5], yoI. xliii, p. 226. 
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)f magnetic force. If we represent the electric charge of the 
ind its inertia l>y m, the ratio /■ in in ;t field of given -strength 
tonal to the precession, or spin, of the orbit of the ion. 
ing specially constructed electro-magnets, and arranging 
ditions of the experiment, it was not long before a magnetic 
produced which was sufficiently strong to completely separate, 
pipnents of the lines previously thought to be only broadened. 



eo 1 



■in 



— c: 



It VT'iii 

into tr 



ripie t. 



THE MAGNETIC PEIilTIiJlATIOX OF I.INKs. 



Ill 



— 




C 












"■ 








a 










s_ 










s- 






r-i 








c- 














ti 


~* 






*~ 














a 








f— 1 










^_ 














H3 




— 








— — 














a- 








































- 


















DC 




,X 
























O 








o 












IE 

cr 






o 


ci 




c 
















Q 




cF 








































Z 






c 






o 




c_ 




o 




























Cj 




















o 








*. 










O 






Cj 
















s3 










?. 












top 


o 








"3 




5c 


o 










Cj 
Lh 














i 


rr 






a 


C 




pi 


CO 
















o 









found that while wuw of the spectral lines were cor.veitad 
a, others were resolved into quartets, sextets, octets, or other 
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complex types, while others 
unchanged 

And then there was 

Xot only do lines in the 
respect,, but lines in the s 
changed : while some spect 
resolution in the magnetic 
This important fact was fir. 

This hrings ns to the e< 
own, for we now find lines 
qtul magnetic perturbations, 
in the spectra of sun spots 
qua perturbation there is no 
since done in this connection 

M. Cornu was the 
writes ; — 

"The effect of the magi 
radiations of the luminous 
.chemical nature of the sonr 
spectral line'! to which mch rat 
in this group."! Somewh; 
gave details with regard 
region, calling attention to 
ance " physically, ehemicaU 

Dr. Zceman§ subsequen 
across and along the line 
■of iron lines were, with 
triplets, quadruplets, Ac, 
case of a few lines he fur 
ponents of a triplet across 
the lines of force. 

Messrs. Ames, Earhart, .' 
alwut the behaviour of some 

When the radiation at ri 
each line in the spectrum w, 
three, the central componei 
along the line of force, the 



thir 



* Traits. Roy. Dull. Soe., vol 
t Antrophysical Journal, TO 
J Compies Reiidtts, vol. csxv 
§ Proc. of Moy. Acad, if 
physical Journal, vol. ix, p. 47. 
|] AstrtiphysicatJouriial , vo 
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again remained almost if not altogether 



revelation. 

spectra of different substances vary in this 
ruin of any one substance are differently 
al lines of an element .show a considerable 
field, others are scarcely affected at all. 
stated by Dr. Preston in 1S97 * 
mice ti on between this line of work and my 
of the mme xuhdane<> behaving differently 
as I found iron lines behaving differently 
a, velocity. About this different behaviour 
question. I will refer to some of the work 



nest to note the importance of this. He 



etic field on the period of vibration of the 
source seems to depend, not only upon the 
.■e, but also upon the nature of the group of 
'intiouhehiKj-% and on the part which it plays 
t later MM. II. Becquerel and Dcslandres 
the spectrum of iron in the ultra-violet 
iliese observations as being of great imports 
-, and astronomically.":!: 
ly published the statement that observing 
e of force, although the vast majority 
the field used, resolved into doublets, 
'krec or four lines seemed unaffected. In the 
found inequality between the outer com* 
and of the corresponding doublet along, 



nd Reese next noticed further peculiarities 
of the iron lines. || 

■lit angles to the magnetic field was studied, 
is found in general to be broken up into 
t being plane polarized with its vibrations 
two side components being plane polarized 



. vi, p. 385 (1S0S), and vol. vii, p. 7 (1899). 
. vii, p. 163, 189B. 
, p. 997; vol. exsvii, p. 18. 
Sciences, Amsterdam, June 25, 1898, and Aslro- 

. viii, p. 43. 
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at right angles to these, their vi 
field of force. 

Exceptions to this rule, how 
wave-lengths 3587*13, 3733*47, an 
the reverse manner. Two other 
3S7'2'64, were quadruplets, the 
tions along the line of force, beiuj; 
which showed no modifications w 
3767*31, 3850*1:2, and 3888*67. 

These observers further notice' 
ponents of the triplets seemed to 
wore certain lines in which the 
much greater than that of other 1 
quite closely alike. On this basis 
spectrum into two classes, in each 
was the same, but in the one set 

The lines belonging to these t\\ 
identical with those sets of lines 
up when studied with reference to 
this conclusion is not accepted by 

I have already stated that 
triplets only, as on the simple theoiy 
got motion of a solar vapour indn 
The facts are equally against the 

The magneticians can now, 
embrace and explain all the ne\ 
phenomena. To show how they 1 
quote from a lecture recently give 
most successful investigators of th 

"According to the simple 
across the lines of force, should 
and the difference of the vibratioi 
the triplet should be the same for 
stance. In other words, the prece 
for all the ionic orbits, or the d 
the lateral components of the 
as the square of the wave-length 
ation. Xow, when we examine 
that this simple law is very far 
casual survey of the spectrum of 



ibrations being at right angles to the 



, er, were found in the lines having 
. 3865 (37, which behaved in exactly 
lines at wave-lengths 37_"2*72 and 
cei tral component, which had its vibra- 
a close double. Some of the lines 
batever, were those at A. A. 37-1 6 "06, 



in 



on 
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does not hold even as a rough appro 
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that the separation of the side com- 
be irregular; they found that there 
paration was nearly the same, but 
ines where separations seemed to be 
they separated the lines in the iron 
i which the L: magnetic separation " 
h greater than in the other. 

0 sets were found to be practically 
to which the iron spectrum breaks 
the shift produced by pressure, but 

. Jr. Preston. 

the simple theory we should get 
uf thirty years ago we should have 
ated by all the lines in a spectrum, 
in pic theory in both caset>. 

rever, by extending their theory, 
r, and at first sight extraordinary, 
ave done it, I cannot do better than 

1 by Dr. Preston, who is among the 
s new branch of science.* 

, every spectral line, when viewed 
a triplet in the magnetic field, 
frequency between the side lines of 
all the spectral lines of a given sub- 
isional frequency should be the same 
Keren ce of wave-length SA between 
ignetic triplet should vary inversely 
of the spectral line under consider - 
this point by experiment, we find 
being fulfilled. In fact, a very 
any substance shows that the law 
■ximation ; for, while some spectral 



be:ome 



f 70111 



* Nature, "vol. (JO, p. 178. 
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lines show a con 
of nearly the 
affected at all. 
cent themselves 
that the mech 
substance is not 
of this magnetic 



INOUOANIC EVOLUTION". 



[chat. 



sidcrahle resolution in the magnetic field, other lines 
wave-length, in the same substance, are scarcely 
This deviation is most interesting to those who con- 
wit li the ultimate structure of matter, for it shows 
which produces the spectral lines of any given 
of the simplicity postulated in the elementary theory 
effect. 



same 



amsm 



"According :o the prediction of the simple theory, the separation 
SX should be pre portion al to A. 3 , and although this law is not at all 
obeyed if we ta ke all the lines of the spectrum as a single group, yet 
we find that it is obeyed for the different groups if we divide the lines 



into a series of 
spectrum be a] 
group being den 
group by Aj, B^ 
A a , A s , &C, hav 



groups. In other words, if the lines of a given 
ranged in a series of groups, the lines of the first 
oted by the letters A], Bi, Ci, . . . , those of the second 
, Cj, . . ., and so on, then the corresponding lines A 1t 
the same value for the quantity ejm, or, as we may 



say, they are produced by the motion of the same ion. The other 
corresponding 1 nes, B,, B->, B3, Ac, have another common value for 
*>,'«(, and are produced therefore by a different ion, and so on. ^Ve are 
thus led by this 



magnetic effect to arrange the lines of a given spectrum 
into natural grcups, and from the nature of the effect we are led to 
suspect that the 
the same ion, a 
really a com pi 
gives rise to cer 



The genera 
able fact that if 
for example, as 



above, correspc 
other of these 



corresponding lines of these groups are produced by 
id therefore that the atom of any given substance is 
;x consisting of several different ions, each of which 
ain spectral lines, and these ions are associated to form 
an atom in so ne peculiar way which stamps the substance with its 
own peculiar properties." 

law announced by Preston states the further remark- 
we consider a group of chemically related metals such, 
magnesium, zinc, and cadmium, then the sets of lines 



into which the spectrum of any one of these may be divided as 



nd set for set with those into which the lines of any 
metals are divided, in sueh a way that the magnetic 
change of frequency (or e'm) for any one set is the >:ame as that for the 
corresponding ;et in each of the other metals. This seems to point to 
the conclusion .hat the metals of the same chemical group are built up, 
in part at least, of ions which are the same in all the metals of the 
group. 

It will be iLbundantly seen, then, that these new inquiries have 
presented exactly the same difficulties as the old ones, and that they 
have been met in exactly the same way, by establishing the fact that 



©2010 Forgotten Books 



www. forgottenb ooks.org 



XII.] 



THE MAGNETIC PERTURBATION OF LINES. 



the spectra of elementary substances are not produced hy 
tion of similar " atoms " or " ions," but by a series of differt 

It is already pretty obvious that when ordinary spectroscopic 
rations, and the evidence supplied by " series," and these mi 
tnrbations are completely correlated, we shall have taken ; 
forward. 
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nt 
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In the three previ 
methods of inquiijy 
hypothesis. I ha 
expected when the 
determination are 
plified and foresha 
work on yttria. 

For the first 
wait till 1883. Ii 
a Bakerian Lectmjc 
on yttria. In the 
which he had beer 
split up this stabl 
were not yttrium 
Subsequently 
mingham meeting 
donation which 

The importan 
dissociation lies 
various lines of 
Crookes ivas led 
question- — that 
to make anything 
work he found 
yttrium molecule 
chemical resources 
that other simik 
would also be r 

I now quote f: 
a' veritable new e 
" Broadly spi 
chemical rcactioi 
in the behaviour 
in an incomplete 
bases present is s 



chapters I have endeavoured to show that new 
in the physical field all support the dissociation 
e next to show that similar confirmation may be 
present ineffective chemical methods of analysis anil 
replaced by more stringent ones, such as those exem- 
lowed by Sir William Crookes's patient fractionation 



the 



XIII.— "FRACTIONATION' " EVIDENCE. 



ileiinite chemical confirmation of my work I had to 
that year Sir William Crookes gave an account, in 
to the Royal Society, of his beautiful researches 
lecture he gave a sketch of the train of reasoning by 
led to the opinion that systematic fractionation had 
; molecular group into its " constituents," and these 
md oxygen, as they should have been. 

an address to the British Association at the Bir- 
in 18S6, he gave an account of the method of frac- 
led to these results. 

of the work on yttria in relation to the question uf 
i the fact that by the variation in intensity of the 
phosphorescence spectrum of yttria, Sir William 
to the view that more elements than one were in 
ordinary chemical processes had been quite unable 
but an element out of a mixture. As a result of his 
e components "'by a veritable splitting up of the 
' This obviously strengthens the view that if our 
were much greater than they are, the demonstration 
.'hanges of intensity in the spectra of other elements 



cc 



the 



lar .ch 

achieved. 



Sir 



William Crookes on his method, which constitutes 
igine of chemical research. 

iiking, the operation consists in fixing upon some 
in which there is the must likelihood of a difference 
jf the elements under treatment, and performing it 
manner, so that only a certain fraction of the total 
iparated : the object being to get part of the material 
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" FliACTIOXATIOX EVIDENCE 



state, 
tffin ities 



ip: 



in the insoluble, and the rest in the soluble, 
must take place slowly, su as to allow the ; 
nature of the case, are almost equally balanced 
play. Let us suppose that two earths are present 
chemical properties, but diffeiing by an almost i 
in basicity. Add to the very dilute solution dilu 
amount that it can only precipitate half the base:, 
tioji must, be such that it considerable time el;i 
begins to show turbidity, and several hours will 
the full effect of the ammonia is complete. On 
earths divided into two parts, and ve can easi 
there is a slight difference in the basic value of th 
earth, the portion in solution being, by an almost i 
more basic than that which the ammonia hat 
minute difference is made to accumulate by a sy 
it becomes perceptible by a chemical or physical 

With reference to the result to which this m<. 
hail led him, 1 will quote his own words,* re 
instance that crude yttria from samarskite, gf 
other similar minerals, is the law material. The 
free it roughly from earths of the cerium group 
taking advantage of the fact that the double 
Mivm and the yttrium metals are easily soluble in 
sulphate solution, while the corresponding dou 
cerium group of metals are difficultly soluble. 

" Xo longer than twelve months ago the na 
perfectly definite meaning to all chemists. It m 
elementary body, yttrium. T have in my 
yttria from M. de Marignac (considered by him 
chemist had hitherto obtained), from M. Cleve (e; 
mum '), from M. de Boisbaudran (a sample of '.v 
this eminent chemist as 1 scarcely soiled by tn 
and also many specimens prepared by myself ; 
purified up to the highest degree known at the 
Practically these earths are all the same thing, 



The operation 
-which, by the 
time to have free 
, almost identical in 
imperceptible variation 
;e ammonia in such 
present. The dilu- 
tes before the liquid 
iave to elapse before 



si, 



al 



evcrv living chemist would have described th 



em 



the oxide of the element yttrium. They are 
one from the other, both physically and chemical! 
phosphorescent spectra in menu with cxlraordinar 
what I formerly called yttria, and have more ree 
Now these constituents of old yttrium are not 
any more than praseodymium and neodyuiiiim ( 
* ChenJial Seirg vol. liv, y. 1 tC( 
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filtering we have the 
y imagine that now 
i two portions of the 
imperceptible amount 
precipitated. This 
s;ematic process until 
ttst." 

st laborious research 
marking in the first 
dolinite, cerite, and 
first operation is to 
■which is effected by 
Iphates of the potas- 
saturated potassium 
)le sulphates of the 



ne 



pos session 



ate 



yttria conveyed a 
ipairt the oxide of the 
specimens of 
to be purer than any 
lied by him ' purissi- 
lich is described by 
■s of other earths '), 
different times and 
time of preparation, 
and up to a year ago 
as identical, i.e., as 
indistinguishable 
y, and they give the 
brilliancy. This is 
tly called oh I yttria, 
impurities in yttrium 
issuminc; them leallv 



alii lost 



en 
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to he elementary) woi 
;i veritable splitting i 
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[CHAP. 



Id lit.' impurities in didymiiun. They constitute 
jj of the yttrium molecule into its constituents." 



THE VTTRIA SPBCTHVM 
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Fig. 37. — Showing how 
different substances, 
the i-h osjili orescent li 



br 



Ihe method of fractioi ation TUria is separated into five 
defined spcctroscopically by the different intensities of 
lfies. 



igit 



"The final result 
five, and probably ei 
Taking the constituent 
analogue of refrangibi 
blue band G-a (A 482) ; 
which has increased 
then come a close pai 
mean A 545) ; then a 
(i'l (y 647) ; next a ye 
iiy (A 564) ; this (in i 
orange line So (A 609). 
part of the series. T 
for the present I have 
occupied with the 
tjt, and green band, 
samarium." 

So far as I know 



more 



© © © © 




£ 



to which I have come is that there are certainly 
, constituents into which yttrium may be split, 
■s in order of approximate basicity (the chemical 
lity) the lowest earthy constituent gives a deep 
then there is the strong citron band GS(A574), 
n sharpness til! it deserves to be called a line; 
r of greenish-Llue lines, UjS (A 5-19 and A .541, 
red band, (_'•£ (AjG19), then a deep red band, 
low hand, Ge (A 597) ; then another green band, 
amarskite and ccrite'yttria) is followed by the 
The samarium bands remain at the highest 
icse, I am satisfied, are also separable, although 
scarcely touched them, having my hands fully 
easily resolvable eaiths. The yellow band, 
Gy, may in fact^ be due to a splitting up of 



Sir William Crookes has not vet nuneel the 
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elements differentia, 
refers ; but more 1 
another research, ha n 
characterised by a 
The discovery of \ 
rewarded his efforts. 

By following nj 
Crookes has already 
argument, if one w 
(hieed not by similar 



tsd 



by the lines of the wave-lengths to which he 
ecently, still dealing with yttria, he has made 
ing for its objective the separation of the element 
=jroup of lines in the neighbourhood of A 3110, 
iccorinui with an atomic weight near 117 has 



the spectroscopic evidence, then, Sir William 
"split up" one "element" into five; another 
needed, that the spectrum of an element is pro- 
bnt by dissimilar molecules. 



ei c 



' FRACTIONATION' EVIDENCE." 
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BOOK IV.— OBJECTIONS TO THE DISSOCIATION 
HYPOTHESIS. 



Chap. 



I HAVE now to rcfei 
against the views to w 
last thirty years, view 
the tangle in which 
work have one after tl 
immediately preceding 
similar inquiries. 

The objections to 
place have to do with 
think legitimately, inn 
h.mdi lies with objec" 
Metcoritic Hypothesis, 
parts of space. Neith 
the ultimate ehemistrjy 
special differences whi- 
recent years was a su). 
for miracles. On this 
happen, in others not ; 
space provided us witl. 

But quite recently 
conditioning of space, 
meet is that the varioili 
to chronicle as defining 
about by temperature, 
of space varies, so th 
their environment, 
gases, others of hydro 
carbon, and so on. 

But it is assumed 
as these, so that oidy 
star. This view of spit- 
be supported by the 
particular parts of spatje 



to certain objections which have been urged 
hich I have been giving expression during the 
which seemed to me to indicate a way out of 
both laboratory, solar and stellar spectroscopic 
e other landed me, and as I have shown in the 
chapters, others after nic, engaged in somewhat 



IV. — Tllli ClIF.MlSTRY OF Sl'ACE. 



which it is of most importance to refer in this 
the stellar evidence. I have supposed, and I 
.il the contrary is proved — that is, the oitw jiro- 
.ors—that the materials out of which, on the 
worlds are eventually formed, are similar in all 
;r Kant nor Laplace thought of differentiating 
t of the material, and indeed the only view of 
h has been put forward to my knowledge in 
tic one suggested by a learned divine to account 
theory, in certain parts of space miracles might 
and the movement of the solar system through 
the necessary changes of this condition. 
r this view has been extended to the chemical 
and the first most general objection I have to 
s spectra] differences which it has been my duty 
the various groups of stars, are not brought 
but are due simply to the fact that the chemistry 
.it in consequence of their locus of origin and 
,■ stars may be composed chiefly of the cleveite 
gen, others of calcium, others of iron, others of 



or ic 



that there may be some cases, not so extreme 
the rein live composition may vary from star to 
e divided into chemical parishes is supposed to 
liege tl localisation of stars of the same type in 
(as indicated by proper motions, Arc). 
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th * 



son le 



A possible rent eaum of such chemical differentiation wa 
suggested by Dr. Wolf, who in 1800,* misled by Sir Wn 
statements concerning the chemistry of the nebulae, end 
explain their spectra, and therefore their chemical 
distinguished from that of stars, in a way that will be ga 
the following extract: — 

" If we admit the data of spectrum analysis as to the g; 
of these singular bodies (the nebula;), and the simplicity of 
position, one is led to see in thein only the residuum of 
matter after condensation into suns and into planets has ex 
greater parts of the simple elements which we find on thi 
chemically in some of the stars." 

ft will be seen that M'olf considers only the differ 
nebuhe from suns by the "extraction of matter" by 
local action. The chemistry was general to begin with, 
duum was worked up. 

Dr. Schuster, however, has more recently gone fnrthe 
iiig however from a general chemistry :— 

l 'We have no reason to believe that the nebula? of the 
resemble our sun's ancestor. Some of the stars which are 
early stage of development, may be forming through the C( 
of matter which has been left over by others ; and it w 
surprising if the youngest star did not agree in consti 
aged companions. "t 

Let us suppose then that the number of different chemi 
in space is legion to begin with, and that by such action 
suggested by Drs. Wolf end Schuster more differences are 
surely the stellar differences must be legion too. I would 
the more such causes as these be added to a hypothetic 
tribution of different kind of matter in space, the more 
the chemical constitution of stars should be found. But th 
according to the facts. 

While the number of chemical elements known at the 
is over seventy, the number of well-marked groups of stars 
if we take one side of the temperature curve; that is, if w 
stars increasing or stars decreasing their temperature. W 
tied in using one fide only, because the spectra of stars 
sides of the temperature curve indicate precisely the earn 
though the percentage composition of rffevfhv absorbing 
different in the two cases. At the same temperatuie on o 



i, I believe, 
Huggius' 
oureel to 
constitution as 
red from 



eav< 



tier 



iseous state 
their com- 
pHmitive 
racted the 
earth, and 



entiation of 



is. 
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previous 
:n the resi- 



ths 



, still start - 

"jresent day 
now in an 
ndensation 
Id not be 
titutibit with its 



OLll 



?al parishes 
s as those 
:stahh'shed, 
submit that 
ular dis 
differences in 
is is not so 



esent tim e 
s only ten, 
deal with 
e are justi- 
opposite 
s elements, 
regions is 
pjjosite sides, 



* Hypotheses Cusmugviiiqiies, vi. 7. 
t Troc, Hoi,. Soc., vol. Gl, p. 209. 
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tar 



at; .r 



the chief difference is in the invcli 
and the metallic lines. 

Hence the faets are distinct!, 
parishes in space ; they also suj 
conceding possible variations in 
ground an infinite variety of sp( 
stated, the number of weli-mar 

The Sun, Capella, and Arctu' 
separated in space, contain the 
intensities, so that not only do 
they contain them in nbsohiMi/ 
hotter stages of such stars could 
mixtures. 

Again, all the blood-red s 
are near the point of extinction 

Another strong argument a 
is that each particular kind of 
same degree of stellar temperat 
tions. chiefly the extension of 
differences of chemical composi 
equal temperatures. 

"We are therefore justified 
recorded in stellar spectra do 
composition of the elements pr 
ferent temperatures in the same 
are explained, I must hold that 
get the same elements represent* 
stars when the apparent differences 
to which I am now referring, 
elements, but of the absence of 
ment, which separates the spect 
of various orders. 

Having said so much rega 
now proceed to discuss the on 
brought forward in support of 
certain chemical groups of star; 
from the faet that certain of 
found )n certain regions. This 
tive one merely, that is, dependi 
but upon their absolute absence 

1 propose to discuss this quest 

Since we can only deal witt 
arc visible, it is obvious that ; 



' against the view of different chemical 
gest that we are not justified in even 
the percentage composition. On this 
ctra might be expected, but, as already 

groups is ten. 
'us, and other cooling stars, enormously 
e spectral lines with almost identical 
1 hey contain the same " elements," but 
idr/tfiml -propoiiiow. The earlier and 
not therefore have consisted of different 



s, which it is generally acknowledged 
have practically identical spectra, 
instthe objection now under discussion 
spectrum is always associated with the 
lire as determined by other consid era- 
spectrum into the ultra-violet. With 
lion, different spectra would occur with 



C EVOLUTION. 



[CHAl'. 



■don of the intensities of the hydrogen 



n the conclusion that the differences 
:iot come from a different percentage 
sent, but arise from the action of dif- 
molecules ; and until the above facts 
the argument is complete that we do 
d by different spectral lines in different 
s are such as to suggest the objection 
t is not a question of the absence of 
iain molecular complexities of each elc- 
nm of the sun from those of the stars 



:ding the objection generally, 1 must 
ly piece of evidence which has been 
it, namely, the alleged localisation of 
in particular parts of space, arising 
the chemical elements arc only to be 
localisation is not held to be a quantity 
.ig upon varying proportions of elements, 
here and there. 
:ion in the following way. 
the masses of matter in space which 
y inquiry into the distribution of the 
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ir 



chemical conditionings, as revealed by spectra, of these 
preceded by an inquiry into the distribution of the visible 
sidered merely as masses, and quite independent of chemistry 

We must therefore first deal with the general 
stars and nebuhv, independently of their chemistry. That 
a general idea of our stellar system. 

Having this as a basis, we can next see whether stars 
chemistry are seen along the same radius (taking our sola 
the centre) or the same direction in space. Next, taking d: 
account, we can see if there be any proof of different c 
so to speak. 

It must be borne in mind that it <j miter or h'ss proportioi 
the same chemical quality in certain regions will not touch 
We can only deal with demonstrations of the absence 
chemical elements in certain regions, so far as the stars 
evidence. 



masses must be 
"ii asses, cou- 



distribntion of the 



will give us 



of the same 
system as 
stances into 
ical shells, 



chen 



the 



su] ipl 
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question, 
of certain 
V us with 
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Chap. XV.— The Genekal 1)istribi t tiox of Stars. 



The labours oi 
elusively prove 
is dominated 1 
naked eye looljs 
known since th 
that it is com 



p ased 



percentage of the 
its plane ; it do 
ferent schools 
or telescope ea i 
multitude of st 

The Milky 
to the earth's c 
"W e know noth 
it has its impor 
at two opposite 
and Monoceros 
of greatest di 
constellations, 
tion of the N 
called, is in E. 

When we 
find that from 
some part of 
separates thesf 
hemisphere, a. 
right ascensior 
tion Cygnus, \ 
The distance a 
Milky Way, w 
that, in addition 
the Milky Wa 



angle of somet 



spond appr 
othet 1 . In shoi 
mena of the ^ 



three or tour generations of astronomers have ton- 
] that the distribution of the stars well within our ken 
y the Milky Way. Although the Milky Way to the 
very unlike the other parts of the heavens, we have 
time of Galileo that the difference arises from the fact 
of a tremendous multitude of stars, a very large 
masses of matter which compose our system lying in 
s not merely represent a fiery or igneous fluid, as dif- 
thought it did in the olden days. A small opera-glass 
ily shows us that we are in presence of an innumerable 
trs. 

Way is a great circle inclined at an angle of about 62 
piator or to the equatorial plane extending to the stars, 
ng, of course, of the reason for that angle of 62", but 
tance, because not only must the belt cross the equator 
points, as it does in two opposite constellations, Aquik 
but the poles of the Milky Way must lie at the points 
ance from the junction with the equator in certain 
These are Coma Berenices and Sculptor, and the posi- 
galactic pole, as the north pole of the Milky Way is 
.. 12 h. 40 m. Dec. -I- 2S\ 

me to look at the Milky Way a little more closely, we 
two points in it branches are thrown out, so that over 
s oi'bit, so to speak, it is double. The great rift which 
two parts of it begins near a star in the southern 
itauri, and it continues for more than six hours in 
until the two branches meet again in the eonstella- 
liieh is well within our ken in the northern heavens, 
tart of the middle lines of these two components of the 
e the split is most obvious, is something like 17 C , so 
to the angle of C2" from the ecliptic, in some part of 
-, there is another offshoot springing out of it at an 
ling like 17". The regions of greater brilliancy corre- 
ly to the places where the branches intersect each 
t, there are sundry indications that the whole pheno- 
ilkv Way may become simplified by treating it as the 



lit 



Ci )in 



Get 



her 



oxi nate 



©2010 Forgotten Books 



www. forgottenb ooks.org 



("HAP. XV.] THE GENERAL DISTRIBUTION OF STARS. 



nut 



til 



O 1 



scie 



resultant of nvo superimposed gab 
recently was that the Milky Way is 
thought the sun was not situated in 
stars was likened to .1 millstone split 
William Herschel's first idea. But 
in Argentina, has shown that it practi 
that may he, in one part of the hea 
appears as a single, very irregular, 
appears to lie duplicated. 

This galaxy of stars is full of vn 
We find in it indications of delicate 
apparently coming hack strengthened 
clusters clinging to those streams, a 
curdled, which is the only term which 
ing. In one region we may find it ah 
stars; in another we may find it mi? 
another we may find it mixed not on 
;i. great number of bright-line stars 
Way, hut in the nebula itself. 

We have now, fortunately for f 
these different regions which give us 
of stars in some parts, and of the s 
are seen in the Milky Way from re, 
regular river of nebulous matter rus 
elsewhere the galaxy seems to tie itsc 
duality in almost every part of it, w 
graphic plates ; practically there a 
photographs bring before us the curdl 
different regions, and finally the conn 
stars with obvious nebulous matter, 
to form an idea of the general eond 
the Milky Way. 

The next important point is that 
the Milky Way is not limited to tht 
really a gradual increase from the po 
find the smallest number of stars. It 
all the information, for the reason thai 
measures; they take different units f 
to be occupied by stars from the pole 
also the number of stars in the north 
as the number in the southern hemis 
may say, if we represent the number 
four, the number of stars in the galac 



xies. The general view till 
a great circle, because it was 
its plane. The whole mass of 
along one edge, which was Sir 
e recent work, chiefly of Gould 
:allyis a great circle. However 
ens this wonderful Milky Way 
stream, and in another part it 



iderful majesty and complexity, 
markings going out into space, 
of streams in all directions; of 
id so on. In other parts it is 
I can use to express my mcau- 
olutely free from any Important 
:ed with obvious nebula; and in 
y with obvious nebula, but with 
involved not only in the Milky 



st: 



1:2.3 



. j nce, priceless photographs of 
hi idea of the enormous number 
eams of nebulous matter which 
jion to region. Here we find a 
hing among thousands of star.", 
If in knots. There is an indivi- 
iich we can study on our photo- 
■e no two parts alike. Other 
;d appearance which is visible in 
ection of the infinite mini her of 
11 this way, then, we are enabled 
ironing of things as we approach 

le enormous increase of stars in 
plane itself, but that there is 
es of the Milky Way, where we 
s not very easy to bring together 
different observers give different 
■ the space they have determined 
towards the galactic plane; and 
ro hemisphere is not the same 
ere. Rut roughly speaking we 
of stars at the galactic pole by 
;ic pLane will be about fifty-four. 



01' 



fh 
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The 
of stars 
reflecting te 



following table will show the gradual increase in the number 
fron the pole tr> the plane, as seen by the Ilerschels with a 
eseope of IS inches aperture and 20 feet focal length : — * 



IN'ORfiAXIC EVOLUTION. 



[CHAP. 







Average number of stars per field 
of 15'. 




:ic polor distance. 






Nortliern. 


Pon Hi urn. 




0°-15° 

1.5-30 

30-45 

45-60 

60-75 

75-00 


■1-32 
5 '-12 
H 21 
13 -61 
24 -0» 
5;i '43 


6-05 
B-62 
9 '08 
13-49 
26 -29 
69-06 



sid 
led 



ai 'e 
ai id 



the 



A con 
between < 
that there 
40 rains., s 
he remarks 
Way in the 
close asscml 
nature of 
since of the 

Although 
especially of 
of stars wit 
of bright st 
projection 
glimpse of 
Dr. Gould 
found that 
entire ei 
that of the 

Gould, vt 
observing tl 
opposition 
heavens lie. 

When h 
see whether 
through the 



right ascension 



ire nit 



to 



eration of the distribution of stars in 
inations 15° X. and ID' S., led Struve to the conclusion 
well marked maxima in I!. A. 6 hrs. 40 mins. and 18 hrs. 
minima in I'.A. 1 hr. 30 mins. and 13 hrs. 30 mins.; 
that the maxima fall exactly on the position of the Milky 
equator, and further states that "the appearance of the 
lage of stars or condensation is closely connected with the 
Milky Way, or that this condensation, and the appear- 
Milky Way, are identical phenomena." 
the Milky Way dominates the distribution of stars, and 
the fainter stars, it does not appear to be the only ring 
which wc have to do. Sir John Ilerschcl traced a zone 
,rs in the southern hemisphere, which ho thought to be the 
a subordinate shoot or stratum. That was the first 
new discovery, which was subsequently established by 
his work in the southern hemisphere at Cordova, lie 
e was a stream of bright stars to be traced through the 
of the heavens, forming a great circle as well defined as 
alaxy itself, which it crossed at an angle of about 25°. 
hile in the southern hemisphere, had no difficulty in 
at along this circle, which we may call the Star Way, in 
the Milk}* Way, most of the brighter stars in the southern 



cf 

i 

taer 



subsequuently came home lie made it a point of study to 
he could continue this line of bright stars completely 
noithern hemisphere, and he found no difficulty. So that 

* Outlines of Astronomy, Herieliel. pp. 335, 536. 
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THE GENERAL DISTRIBITIOX OF ST.- 



axy 
t-iie 



■we ma}' now say that the existence of this supple 
indicated by the line of extremely bright stars, is be 

I quote the following from what Gould ha. 
subject : — * 

" Few celestial phenomena are more palpable 
istenee of a stream or belt of bright stars, includli 
and Al'M"inrn, together with the most brilliant one; 
Columbtt, dtnis Major, Orion, &c, and skirting the 
preceding side. When the opposite half of the gait 
it was almost equally manifest that the same is 
bright stars likewise fringing it on the preceding 
stream which, diverging from the Milky Way at 
Cenlauri, comprises the constellation Lupus, and a gi 
;tnd extends onwards through Ophivchus towards 1 
circle or zone of bright stars seems to gird the si 
the Milky Way at the Southern Cross, and mani 
although far more conspicuous upon the Orion side 
Upon my return to the North, 1 sought imniediat 
place of intersection : and although the phenome 
clearly perceptible in this hemisphere. I found 
arising the node in the constellation t'ossiopeui, w 
opposite to Cmy. Indeed it is easy to fix the rig 
northern node at about 0 hr. 50 inins., and that o 
.at 12 his. 50 mins. ; the declination in each case 
these nodes are very close to the points at which 
p roaches most nearly to the poles. The inclination 
the Milky Way is about 25', the Tleiadcs occupying 
between the nodes." 

Gould also had no difficulty in showing that ihi 
stars to which I have just referred, at all events of 
than the fourth magnitude, is more symmetrical in 
^tar line than to the Milky Way itself, and tha 
bright stars in any region of the sky is greater ; 
this new star line becomes less. Practically 5 
.stars can lie brought together into a cluster, 
Milky Way altogether — a cluster he points out of 
.and bifid form. 



no 



Cowmdi'M of the Milhj Way with X< 



nine 



Xot only do we find that the stars are very 
ne.ir the Milky Way than elsewhere, but that the 

* Amer. Jour. Sei., vol. viii, p. 332. 



RS. 



12, 



cntary Star Way, 
, _ ond all question, 
i written on this 



there than the ex- 
ng CunopiiR, Sinus, 
in Carina, Pappfc, 
Milky Way on its 
came into view, 
there also, the 
ide, and forming a 
,he stars a and /3 
eat par t of Scorpio, 
,yrtt. Thus a great 
y intersecting with 
est at all seasons, 
than on the other, 
ely for the northern 
ton is by far less 
difficulty in recog- 
is diametrically 
it ascension of the 
the southern one 
ibont 60" ; so that 
the Milky Way ap- 
of this stream to 
a position midway 



hich 



group of the fixed 
fixed stars brighter 
relation to this new 
the abundance of 
the distance from 
of the brightest 
independent of the 
somewhat flattened 



■is 



bithi: 



h more numerous 
same thing happens 
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1N0KG.1XT 



INVOLUTION - . 



dis SLl 

that 



with regard to the planetary 
present discuss with any advanta 
classed as nebula; in the, different 
of which we know absolutely n 
those points about which we can 

Xot only do we find stars 
number as the Milk}- Way is 
ters also increase towards the 3 

rJauschingerJ (IS89) in a re 
Catalogue" (7,840 objects), 
classes of objects and found 
course resolved clusters, and pla 
the galaxy. 

Mr, Sydney Waters some 
together the nebulas and the staj- 
most unmistakable manner, that 
nebula* and stars generally, are v 
of the Milk}' Way than they are 

It is striking to note the 
not only the main track of the * 
and streams, while the remarka! 
nebula?, excluding the planetary 
noted by Sir Wm. Herschel. 

We have seen, then, that the 
in the plane of the Milky Way, 
nebula? and the greatest number 



ot liing. 
be 



nebulfe. Xebuhe generally we cannot at 
ge, because there are very many bodies 
catalogues about the physical natures 
I shall only call attention to 
most certain. 
Mid planetary nebuke increasing in 
approached, but the undoubted star clrn- 
Milky Way in a marvellous manner, 
new of Dr. ])reyer's " New General 
ssed the i listrihution of different 
star clusters, by which he means cf 



at ictary 



[niA]'. xv. 



nebuhe congregate in and near 



our years later, in 1893, brought 
clusters on maps which showed, in a 
the star clusters, like the planetaiy 
cry much more numerous in the plane 
n any other part of the heavens, 
fidelity with which the clusters follow 
lilky AY ay, but also its convolutions 
le avoidance of the galaxy by the 
nebulfe, is obvious ; it was indeed 

greatest number of stars congregate 
md the greatest number of planeta- y 
of star clusters. 



* V.J. S. Ait. <?es. 5 vol. sxiv, p. 43. 
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Chap. XVI. — The Distribution 



A. In IidaUmi to Direction. 



sta r 



The most convenient way to con 
chemical groups of stars, is to 
base, as we have already done 
of matter independently of all 
particular chemical species of 
avoids it. In this way the new 
with the older molar one. 

I will begin by leaving distan 
At present it will be sufficie 
more generalised classification 
follows : — ■ 

Highest 
Gaseous stars 



take 



13 



iidcr the distribution of the various 
the plane of the Milky Way as a 
.garding the stars merely as masses 
chemistry, and to note whether any 
;-s congregates in the Milky Way or 
lecular inquiry will be on all fours 



no 



es out of consideration, 
it for our purpose to deal with the 
(already given on p. 72), which is as 



ars 



Proto-metallie sthrs. 
.Metallic stars. 
Stars with fluted 
Lowed 



In discussing the work of oth 
transposed the different notations 
above, and in some cases the tw( 
require to be considered. 

The first attempt at such an 
Duner,* who had made himself 
on two different classes of stars 
being defined by carbon fiutings 
the other. His work was practi 
stars — the stars, that is, with 
anxious to see how they were dis 
these stars in varying parts of 
Way. He found that the numb 
The table I give will show the ge 



* Etoiles de Ja I. 



oil' Chemical Groups of Stars. 



Temperature. 
Proto-hydrogen stars. 



Cleveite-gas stars. 



spectra. 
Temperature. 



ir observers I have, as far as possible, 
employed into the chemical one given 
■ arms of the temperature curve will 

iKjuiry as this was made in 1SS4, by 
f|amons by his admirable observations 
—those which I have referred to as 
n one case, and metallic fiutings in 
tally the only research on the carbon 
carbon fiutings. He was, naturally, 
tributed, and he gave the number of 
the heavens in relation to the Milky 
e"s increased towards the Milky Way. 
leral result at which he arrived. 



oiiiim- Classe, p. 126. 



K 
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We saw 
gression iu 
to the plan 
the plane. 



1NOHGAXTC EVOLUTION. 



[CJIAI 1 . 



in the ease of the ordinary stars that a very rapid pro- 
mimber is to lie noticed from the pole of the Milky Way 
: ; we had three stars at the pole when we had fifty-three in 



Distance 
frmi galactic pole. 



Number. 



35 -(50 
(SO -70 
70 -80 
SO -90 



3 
8 
S 
13 
211 



Mean magnitude. 



6- 6 
fi-6 

7- 2 

7- 4 

8- 3 



Dime'r 
tinctly an 
that the i 
starting wi 
Although 



in 



the 



toward? 
taken as 
stating tha^ 
Way. Th 



omul, with regard to his carbon stars, that there was dis- 
crete from the pole towards the plane, but we observe 
ite of increase is very much less in this case ; so that, 
:h three at the pole, he only found twenty-nine in the plane, 
then it was true that the number of stars did increase 
Milky Way, they did not increase so rapidly as the stars 
whole ; still, from his observations, we are justified in 
there is an increase as we approach the plane of the Milky 
;y are, therefore, not limited to the plane. 



PILE 90 




It J" 1.0 So to jo- 

Fig. 3 8.4- Comparison of relative numbers of stars generally ami carbon still's. 



had 



Thatltyas 
that he 
logne, be£ 
in relatior 
on hierog 
different 1 



in 1SS84. In 1891 Professor Pickering, when he found 
collected something like 10,000 stars in the Draper cata- 
an to consider their distribution in different parts of space 
to the then classification, which was practically one founded 
yphics, since we knew very little about the chemistry of the 
odics at that time. 
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XVI.] TIIK DISTRIBUTION" OF CHEMICAL CROUPS OF .STARS. 



al 
the 



He found that the Milky Way was due to an ag 
stars, by which he meant, as we now know, vei 
hottest of them, that is the gaseous ones, exist mo 
Milky Way than do the others. The proportion!: 
metallic stars in the Milky Way was greater for 
for the brighter ones of this kind, and that at on 
hility that in the Milky Way itself there is 
absorbs light ; so that the brightest stars are apt 
brightest, but apparently bright because tbey hav 
absorption, and that those which have suffered this 
veiy much further away from us than the others of ; 
He also arrived at this extremely important concl 
the metallic stars, that is, stars like our sun, stars it 
old age, had no preference for the Milky Way at 
distributed all over the sk}'. With regard to the gi 
by metallic flutiugs in their spectra, he has no iiifc 
any more than Doner had, for the reason that th 
and they have not yet been completely studied. 

Only last year this inquiry was carried a 
Mr. McCIean, who not only photographed a cons 
stellar spectra in the northern hemisphere, but sii 
the Cape of Good Hope in order to complete the s 
to the stars down to the third or fourth 
observe there. He was very careful to discuss, in 
Way and certain galactic zones, the distribution of 
of stars which he was fortunate enough to photogr; 

He found, that if we deal with the gaseous stars 
north and south polar region are small, and that 
the Milky Way are greater, so that finally we can se 
bodies are distributed. If we take the gaseous, 
hottest stars, we find the smallest number in the 
we take the metallic stars we find practically the 
events a considerable number, in the polar regions, 
therefore, is that the gaseous stars are mostly c 
zones, the proto-metallic stars, that is those down 
nitude, are not so confined. AVhat is also shown 
fluting stars are practically equally distributed ove: 
and over the plane of the Milky Way itself; so 
we get for these stars very much the equivalent of 
at by Dnnc'r for the carbon stars, that is to say, t 
ference for the Milky Way. 



not 



gregation of white 
hot stars, and the 
'C obviously in the 
number of proto- 
fainter stars than 
■ :e suggests a possi- 
something which 
to be really the 
not suffered this 
absorption may be 
similar chemistry, 
ision, namely, that 
ore or less in their 
Fill, but are equally 
onp of stars known 
rmation to give us 
number is small, 



magniti 



re I 
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eir 



stage further by 
derable number of 
isequently went to 
ory with reference 
de which he could 
ation to the Milky 
the various kinds 
i oh. 



t le 



ih 



che numbers in the 
numbers nearer 
exactly how these 
at is to say the 
regions ; but if 
number, at all 
The general result, 
to the galactic 
to about 3i mag- 
that the metallic 
the polar regions 
, in that respect, 
the result arrived 
ley have little pre- 



pi ilar 
lar "est 



onfired 



thit 
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tie; .1 



These, the 
dark lines in 
bright-line s 

I should si 
views with re 
tied with nebr 
by the fart th 
to say, we 
tion phenomei 
the first instil, 
the chemical 
as stars, hecai 
or so far away 

Since that 
the American 
of cases they h 
mnst. classify 
and the bright 
stars, with <i d 
in the case o 
tions of the 
light which w< 
star, and can 
stars, inasmuc 
absorption, 
probably those 
dark ones, 
these condition 
it looks as if n 
of being neb ul 



Bright-line Shn-n. 

i, are the results with regard to the stars having obviously 
their spectra, but besides these there are many so-called 
ta rs. 



'id 



an I 



Th 



in eonseniicnc 
which is fallin 
mass by the c 
of these stars, 
was a wonderf d 
Milky "Way 
plane ; the 



: ih 
gal 



being limited 
the greatest g: 
storv in 1891. 



IXORGAMC EVOLUTION. 



[CHAP. 



11 10. 



y that there has necessarily been a change of front in our 
<;anl to these bright-line stars since they were first classi- 
la?. The nebula? are separated generically from the stars 
it in their case we have to deal with bright lines, that is 
only with radiation phenomena, and not with absorp- 
la, as in the ease of the stars so far considered ; and in 
ice it was imagined that the bright-line stars were, from 
point of view, practically nehnhv, although they appeared 
se the brightest condensations of them were so limited 
that they gave a star-like appearance in the telescope, 
first grouping of bright-line stars, by the work chiefly of 
astronomers, it has been found that in a large number 
re also dark line* in their sperint, and that being so we 
hem by their dark lines instead of by their bright ones; 
-line stars thus considered chiefly turn out to be gaseous 
'ffh-eiire. What is that difference ? It is this, I think: 
the bright-line stars we are dealing with the eondensa- 
'St disturbed nebula? in the heavens, together with the 
'. get from the nucleus of that nebula which appears as a 
be spectroscopic ally classified with the other dark-line 
i as the surrounding vapours close to the star produce 
therefore give us dark lines ; other parts of the nebula?, 
further afield, give ib bright lines which mix with the 
ere fore we get both bright lines and dark lines under 
So far as the result goes up to the present moment, 
e have now to consider that these bright-line stars, instead 
e merely, are gaseous stars at a very high temperature, 
of the fact that the nebula which is surrounding them, 
I upon them, is increasing the temperature of the central 
lange of tin lint into heat. Pickering,* in his discussion 
had thirty-three to deal with, and he found that there 
tendency among these to group themselves along the 
at very few of them, in fact, lay outside its central 
actie latitude, the distance in degrees from the plane 
the generality to only 2', and the greatest departure, 
lactic latitude, was something within 9\ That was the 
Two years afterwards Campbell, another distinguished 

1 A--.tr. Xach., No. 2025. 



1)1 
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American astronomer, also interested 
bright-line stars, ;uul lie discussed then- 
rive as opposed to Pickering's thirty-thrQe 
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collected almost exclusively in the Mil 
Milky Way practically none had ever 1 
of this result I will indicate Iry and by. 
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imself in this question of the 
, his catalogue containing fifty- 
lie found also that they were 



_2 
.5 



iv Way, and that outside the 
K)en observed. The importance 
The central line of the man 
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INOKUAN'IC EVOLUTION. 



(Fig. 39) represents the galacti 
along it the different galacti : 
below the plane a few dcgn 
ure shown, sufficient to enable 
discussed to be plotted. Tin 



[chap. 



■ess 



zone, the plane of the Milky Way, ami 
longitudes arc indicated, above and 
of galactic latitude north and south 
all the bright-line stars which Campbell 
map shows that all the bright-line stars 




■1> 



Oman 



V 



1<IG. 40. — Photograph of a glass g 
the Equator 



really are close to the central 
of the fifty-five is more than t 
spur, so that we cannot really 
Tt is remarkable that the; 
trihnted along the Milky Way. 
site regions, and there is one re 




obe shoeing ihe relaiion oi' the Milky Way to 
lo Gould's belt of stars. 



and 



ane oi the Milky Way. Only one out 
from it, and this lies in a projecting 
say that that is out of the Milky Way. 
se bright-line stars are not equally dis- 
They are chiefly condensed in two oppo- 
aioQ in which they are markedly absent. 
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THE DIST1 



Figs. 40 and 



indicated the Mill 
from it at one point 
together with G 
wafers indicate the 



4|l are photographs of a glass globe, on which are 
y Way ; the secondary Milky Way, which starts 
of the heavens and meets it again, is also shown ; 
's Star Way and the equatorial plane. The dark 
positions of the bright-line stars. 



Jouli 



lliUTION OF CHEMICAL (UIOUPS Ob' STAUS. 
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J 1 F 



6° 



Fie. 41.— Tlie Milky 

belt of stars, slio *"ing 
(white wafers) 



We find that tl 
They continue aloi 
they end just after 
range of the Milky 
no bright-line star 



A' ay, where double in relation to the Equator and Gould's 
that the bright. line stars (dark wafers) and nen" stars 
limited to the Milky Way. 



ese stars begin just before the doubling commences, 
g the plane, and are sometimes very numerous, and 
the doubling ends ; and we notice there is a long 
Way where it is single in which there is absolutely 
it all. It looks, therefore, very much ae if there is 
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IXO iGANIC EVOLUTION. 



a something connected wi 



nt 



into 



produces the conditions w 
By the labours of Du 
arc beginning to get very 
various chemically dirferer 
I have already noticed, tl 
association of the brighH 
consider the nebulas from 
but here we are somewhat 
I have already stated i 
the nebulas it is impossible 
there has not been sulfide 
number of observers at w 
which we now know of 
and those which are entire 
and only give us what is 
go a little way in this 
noted. The point is to set: 
tributiou of those nebulas 
give us the so-called nebuh 
which at present we know ■» 
spectra. It is clear that 
time, a great deal will be 1 
up to the year 1894. If ■ 
l egion bounded by 10" gal 
the planetary nebula?, we J 
with those which arc fur 
number drops to five. T 
planetary but gaseous like 
a spectrum of bright lines, 
the Milky Way, and only ; 
known to have continuous 
we only imagine them to i 
we cannot get a really tr 
tions are absolutely revera 
plane of the Milky Way, 1 
that the percentage with 
eighty-four in the case of 
give us bright lines, and in 
five. Therefore we get 
the hriidit-Iine stars and 



ih this doubling of the Milky Way which 
Hch generate these bright-line stars, 
ler, Pickering, McGlean and Campbell, we 
lefiuite notions as to the distribution of the 
t stars in relation to the Milky Way. As 
.ere can be no question as to the intimate 
ne stars with nebulas. "Wo must next then 
she point of view of chemical distribution, 
n a difficulty. 

hat with regard to the general question of 
to speak with certainty, because at present 
time and there has not been a sufficient 
Drk to classify the thousands of 11 nebulas " 
those which give us the gaseous spectrum 
y different, apparently, in their constitution, 
nailed a continuous spectrum. Still we can 



an 



spectra. 

There is another class 



[chap. 



direction by means of some figures which I have 
'. whether there is any difference in the dis- 
vhich are undoubtedly masses of gas, which 
>us spectrum, and those other nebula; about 
cry little, which give us so-called continuous 
on this point undoubtedly, at some future 
learned. The figures I give bring the results 
re take the region near the Milky Way, the 
ictie latitude north and south, and consider 
nd that there are forty-two ; but if wc deal 
-her than 10' from the Milky Way, that 
we take other nebula 3 , not necessarily 
planetary nebulas, inasmuch as they give us 
we find that there arc twenty-two in or near 
i.v outside. If we take the so-called nebula 1 
spectra, which need not be nebula? at all — ■ 
e nebulas because they are so far away that 
ne account of them — we find that the condi- 
■d. There are only fourteen of them in the 
ut there are forty-three lying outside it ; so 
n 10" of the Milky Way comes out to be 
the planetary and the other nebulas which 
nebula; with continuous spectra only twenty- 
absolute identity of result with regard to 
the other objects which give us bright-line 



of bodies uf extreme interest. In fact, to 
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some th 
because 
to he 
stars v 
Way. 
last 

one, ai ■ 
Pig. 
bright- 
shown 



yea 



greatest 
ones, 
pan 
in teres 



new s 
(Fig. -J 
As 
people 
new 
before 
happei ,e> 



cy arc more interesting than all the other stars m the heavens, 
! they are the mysterious " new stars," which have been supposed 
new creations. When we come to examine these so-called new 
e find that they also are almost absolutely limited to the Milky 
Onr information begins 134 years before Christ, anil it ends 
ar. The number of stars thus reported as new stars is thirty- 
d of these only three have been seen outside the Milky Way. 

shows what the facts are with regard to the new stars. The 
line stars being distinguished by dark wafers, the new stars are 
by white wafers. We notice that where we get practically the 
number of dark wafers we get a considerable number of white 
That means that these new stars take their origin in the same 
space as that occupied by the bright-line stars, and it is also 
ting to point out that the void indicated where the Milky Way 
e, where there were no bright-line stars, is equally true for the 
Lais ; only one new star 
!)■ 
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has been recorded in this region 



I have said, a great deal of interest has been attached by many 
to the question of the new stars, for the reason that whenever a 
appeared in a part of the heavens where no star was seen 
it was imagined that something miraculous and wonderful had 
d. That was justifiable while we were ignorant, but recent 
shown, I think almost to a certainty, that the real genesis of 
star is simply this. We have near the Milky Way a great 
of nebulae, planetary or otherwise ; we have more planetary 
near the Milky Way than in any other part of the heavens ; 
oris patches also observed in it may include streams of 
rushing about under the influence of gravity; the origin of 
star is due to the circumstance that one of these unehronicled 
suddenly finds itself invaded byone of these streams of meteor- 
There is a clash. These meteorites we know enter our own 
ere at the rate of thirty-three miles a second, and we may 
re be justified in assuming that any meteoritic stream in space, 
the Milky Way, would not he going very much more slowly, 
^et this rapidly -moving stream passing through a nebula, which 
to be a mass of meteorites more or less at rest, of course we 
;et collisions ; of course, also, we shall get heat, and therefore 
When the stream has passed through the nebula the luminosity 
and ultimately, attention having been called by this cataclysm 
particular part of space, we shall find that there is a nebula 
This has always been so ; and therefore in the case of new stars 
always expect to get indications of the existence of two bodies, 
uder and the body intruded upon. 
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We must also expert, if we arc dealing witti small particles of 



ineteoritic dust, that the action will lie very quick, and that the 
will lie soon over. All this really agrees with the facts. Iu the 
of the new star wc were fortunate enough to have the opporti 
of observing in the northern hemisphere, not very long ago, the new 
in the constellation Auriga, wc obtained undoubted indications o 
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case 
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star 
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K II k G 

Fsr, 42. — The spectrum of 2iova Aurigse, snowing both bright and dark In 

fact that we were dealing with two different masses of matter; fo - the 
reason that if we take the chief spectral lines marked (4, h, II ai d K 

find 
that 



(Fig. -i2), that is to say, the lines of hydrogen and of calcium, we 
Loth ] night lines and dark lines, which being interpreted means 
hydrogen and calcium were Loth giving out light and stopping 1 
We cannot imagine that the znme particles of calcium and of hydrogen 

been 
ping 
the 
that 
.1 we 



Here Loth giving out light and slopping light; there must Lave 
some particles of hydrogen and calcium giving light and others sto[ 
light; and if wc look at the photograph carefully we find that 
Lright lines and the dark lines arc side by side, and we know that 
means a change of wave-length in consequence of movement, an 
also know from the change of wave-length indicated that the differential 
velocity of the part ides which gave us the bright hydrogen and calcium, 
and the dark hydrogen and calcium, must have been something like 
500 miles a second. Iu that way we obtained indisputable proof that 
we were really dealing with two perfectly different scries of pari Seles 



moving in opposite directions, and that that was the reason we got 
sudden illumination iu the heavens which as suddenly died out 



finally a nebula previously undiscovered was found to occupy the place. 
The nebula is really not the result, the nebula was the cause, bir; we 
did not know of its existence until our special attention had been 
drawn to that part of the heavens. 



B. Iu relation to Distance. 

So much, then, for the first statement of facts relating to the 
trihution of the various star groups and nebular groups in the 
general form. The next question is, can we say anything aboul the 
distances of these bodies % 

The way in which an astronomer attempts to determine the 
ferent distance of the various stars from the earth, may be very 
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grasped by considering ivhiit happens to any one t 
railway train. If the train be going fairly quickly 
at the near objects, we find that they appear to rush by 
they tire the eye; the more distant the object we look 
slowly it appeal's to move, and the less the eye is fatigu 
pose that instead of the train rushing through the conn 
the objects which we regard under these different con 
ferent objects are rushing past us at rest. Then, o 
things which appear to be moving most quickly will b 
and the more distant objects, just because they are dif 
to move more slowly; that is to say, we shall get what 
" proper motion " in the case of the objects nearest to 
"proper motion" in the cn.se of the bodies wbieh are 

This question has been attacked with regard to 
nificent fashion by a great number of astronomers. 

It was Mr. Monck who was the first to show in 
gaseous stars had the smallest proper motion ; that is 
hottest stars were further away from ns than the c 
next found that the pro to-metallic stars — that is to 
so hot as the gaseous, but hotter than the metallic star: 
smaller proper motion. This, of course, indicates 
stars are the nearest to us unless proper motion does n 
distance, but rather upon a greater average velocity in 
been shown, however, by considering the sun's movemei 
this view probably may be neglected. The first dis 
motion, then, went to show, roughly, that the hotte 
further away from us it is; and it made out a fair cast 
sion that the sun forms one of a group or cluster of st 
predominating type ■of spectrum is similar to its own. 

Kapteyn earned the inquiry a stage further.! W 
idea that stars with the greatest proper motion are on 
nearest, the part of the proper motion due to the sun 
space he considered must depend strictly upon the d 
determined this by resolving the observer! proper moth 
circle passing through the point of space towards w 
moving, which is called the apex' of the sun's way, an 
point 90° from the apex. His results were practically 
those obtained by taking the individual proper mo 
found that stars with the greatest proper motion are 
and have no regard at all to the Milky Way ; that 
smallest and no observable proper motion are g. 
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* Astronomy and Astro-Physics, toI. sviii, 2, p. 
t Amsterdam Academy of Science, 1393. 
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metallic, including 
galactic plane. In 
I have drawn attebtion 
proper motion is sh 



a few metallic ones which have collected in the 
his he agrees with the prior observations to which 
ion. In the table which I now give the mean 
Own. 
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Spectra and Proper Motions of Stars ( Kapteyn ). 



Moan proper 
motion. 



1-39 
0-52 
0 -35 
0-24 
0-1S 
Inappreciable 



prot< 



= and 
-metallic 
;ars. 



Metallic 
sl&ra. 



Metallic 
flirtings. 



Katio, 
metallic to 
iraseoiis. 




17-0 
5 '5 
4-7 
36 
10 
0-44 



We find that 
ber as the proper 
metallic to the gasE 
of 17, and end witl 
may be considered 
by Kapteyn with 5 
of proper motions 
The general result 
tanee the metallic 
gaseous stars, and 
number. 

Here again the 
these bodies, in rel 
greater or less extii 
&i deration. That 
amount of work : 
take the stars wil 
the aveiage, \ie 
undoubtedly metalli 
which is always k 
velocity seeing tha 
two minutes, is not 



the 
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gaseous and proto-meLallic stars increase in num- 
motion decreases. We find also the ratio of the 
ons and the proto-nietallic. We begin with a ratio 
something like a ratio of 0 - 4 ; so that the results 
Lo be pretty definite. These results were obtained 
itars which were common to Stumpe's catalogue 
and the Draper catalogue dealing with spectra, 
may, therefore, be stated that at the nearest dis- 
atars are seventeen times more numerous than 
at the greatest distance they are not half the 

question arises, how far the intrinsic brightness of 
ition to their distance from us and the possible 

ction of light in space, has to be taken into con- 
is a problem which will require a consi deraole 
the future. It is rather remarkable that if we 

very great proper motion, very much greater than 
nd with regard to four that three of them are 
c, but it is" possible that the star lS30Groombridge, 
oked upon as the star which heats the record in 
; it would travel from London to Pekin in about 
a metallic star.* 



* These stars are — „ 

1830 Groornb "iilge . . 7 '04 

2 2758 5 

^578 4-0-11) 

D.C. 5S3 3-7 



Gaseous or proto- metallic. 
Metallic. 

Probably metallic. 
Metallic. 
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We are finally in a position to 
tribution of the various chemical 
to their direction in space, as see 
most conveniently considered in 
longitudes, but also in relation to 
The results arrived at in the 
marized as follows. First we will 
absorption phenomena. 



a general summary of the dis- 
ijroups of stars not only in relation 
n from the solar system, a direction 
relation to galactic latitudes and 
heir distance from us. 
two previous chapters may be sum- 
consider the stars studied bv their 
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Group. 



Relation to Milkv 



Way. 



Gaseous stars 
Pro to -metal lie 



Irv 



Mefcallic 



Metallic fluting* 
Carbon . . 



Condensed in Mi 

(Pickering aud M|cCl 
Brighter ones not 

condensed in 

(McClean) 
Tend to collect in M 

more especially tl 

stars (Pickering) 
Not condensed, m M 

(Pickering and M 
Collected in Mill: 

(Eaptevn) 

9 



Way 
eaa) 
riot ah It 
;y Way 



Iky Way 
e fainter 

Iky Way 
c Clean) 
y Way 



Proper motion. 



Smallest* (Monck). 
Intermediate (Monck). 



Div. 1. Greatest (Eaptcyn). 
Div. 2. Small (Kapteyn). 



ai ■, 



We find that the gaseous st 
are far away from ns ; that the pi 
to the .Milky AVay, and they are 
we come to the metallic stars and 
obvious connection with the Mi 
Unfortunately, with regard to lh 
tion is not so complete. Mr. A 
number, and he shows that they, 
have very little relation to the 
mendous separation between the 
and the cooler stars with their sni 



■i are chiefly in the Milky Way and 
oto-metallie stars are not so confined 
not so far away from us. Jiut when 
the carbon stars they have not much 
Iky Way, and they are close to us. 
: metallic fluting stars the iuforma- 
cClean has dealt with a very small 
like 1 hitter's stars, the carbon stars, 
Milky Way. We thus obtain a tre- 



* Kapteyn finds small proper moti 
does uofc separate them into two group.- 



hot stars with their great distance 
filler distance. 

is for gaseons and proto- metallic stars, but 
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Although tbis discussion of the distribution of different types ot 
stellar spectra indicates a collective tendency of some types, it prove,; 
;tt the same time that the chemical substances represented in such 
types are distinctly not limited to the regions in which they pre- 
dominate. Thus we know of hydrogen in all stars except the carbon 
.stars ; although the stars showing strong indications of helium are mos; 
numerous in and about the Milky Way, stars of this kind do appea' 
in other parts of space remote irom the Milky Way, among them 
being the bright stars Spica and y Urs;© Majoris. Besides this direc; 
evidence of the wide diffusion of helium there is the indirect evidence 
based upon the fact that helium is known to be present in the sun 
although it is not represented among the Fraunbofer lines. Bv 
analogy then we must allow that helium is also present in Arcturu; 
and the thousands of other stars which have spectra like the sun which 
have no special connection with the Milky "Way. Helium must, there 
fore, be practically like hydrogen, distributed in all directions as seen 
from the sun. 

Another illustration of this general diffusion of a particular kint. 
of matter is afforded by carbon. In the hottest stars, stars like the 
sun, and the coolest stars, we alike find indications of this substance, 
so that a localisation of any particular type of star does not imply th«; 
restriction of carbon to such localities. Again, if we take iron, we 
find its indications, cither as iron or proto-iron, through a great variety 
of stellar type3, while wc may say that calcium and magnesium show 
direct evidence of their presence in almost every star. 

Thus we are led to conclude that there is no localisation of th* 
chemical elements so far as direction in space is concerned. While th( 
discussion of proper motion indicates that particular types of stars 
tend to congregate at distances peculiar to themselves, the condensa 
t ion is by no means absolute. .Some stars of each type have propei 
motions widely different from the average. Hence at all distance! 
from us we find similar chemical types of stars and therefore evidenct 
of similar chemical substances. 

We have already seen that the chemistry is the same in all diiv-c- 
lion,-!, so that, finally, we must grant that the chemistry of all parts ol 
space is the same. In other words the chemical parishes required by 
the view that the stellar types represent different chemical condition; 
as regards the presence or absence of certain substances do not exist. 
In no direction from our system, in no shell surrounding it, is any 
chemical element found which is not present in other directions and in 
other shells. 

The major objection then against the stellar evidence in support 
of the dissociation hypothesis, upon inquiry, vanishes into thin air. 
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3ur lengthened consideration of this question has really led us to 
a firm support not only of the dissociation hypothesis but of the meteo- 
hypothesis an well. 

Vs on the latter hypothesis the stars become hot in •consequence 
of r leteoritie collisions, we should expect to find nebulous- conditions 
wing suit; seeing that nebula; are masses of meteorites, we should 
expect to find especially the gaseous nebula; and results depending 
upo 1 their presence in the region where the hottest stars exist in 
rh dissociation has been studied. 

The planetary nebulas consist of streams of meteorites moving 
generally in spirals or in circular paths. There lis no very great (.Us- 
ance; we get a bright line spectrum from them, and we know 
' are practically limited to the Milky Way. We have found that 
bright-line stars are limited to the Milky Way ; they are simply 
i involved in nebulae. There again we get a connection between 
Milky Way and nebulae. The new stars are tine to relatively 
I nebula) driven into by moving nebula; comet fashion, and they 
also limited practically to the Milky Way; there again we have 
nebulous touch. The nebulous regions, which Sir William 
Hetsebel was the first to chronicle, arc more prevalent near the Milky 
Wa f than elsewhere. 

It will be seen that we have a strict association of nebula;, possible 
ociation conditions, and the hottest stars in which that dissociation 
been studied : and we are at length face to face with a simple 
explanation of the close contiguity of these apparently very diverse 
phenomena. 
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I now proceed to consider some less general objectioi 
brought the question of dissociation before the lioyal Soc 
in a discussion which I was requested to initiate, I pointer 
had been proposed to explain the spectral differences betw 
as Bellatrix with its hydrogen and cleveite gases ; Sir 
tremendous development of hydrogen ; and our own sun 
it with an atmosphere chiefly metallic ; by supposing that 
gen and cleveite gases may from some reason or other 
among the metallic vapours and form an upper special at no 
their own, in which, in consequence of its greater chemici.1 
the lines of the^e substances will become more important 
added, " But this argument is not philosophical, because 
right to assume such a change."! 

This remark, referring to a very special point, was 
misheard, and Dr. Schuster in the discussion stated : — 

" Had Mr. Lockyer confined himself to bringing forwf 
thesis as one which is legitimate, consistent, and deserving 
many of us would I think have agreed that he had msu 
case. But he claims his theory as the only one which car 
facts, and dismisses as unphilosophical the only alternativ 
discusses." 

In spite of this misapprehension, however, Dr. Schuster 
are of great value, and I propose to consider them in 
reply to them as best I can. I may add that he expresses 
rence with my system of classification ; and the necessity c 
appeal to laboratory experiment is insisted upon ; at 
he acknowledges that the investigation of the enhancer 
very material advance." 

In my paper I pointed out, in relation to stellar atmoi: 
what we might expect to observe if we assumed the sun's 
to be increased would be vastly different according as 
or did not take place {see pp. 78 9). I said 

" The only ckanye which we can imagine on the uswd 
resuliiwj from the increase of temperature, is that with th 

* Proo. Hoy. Soc, toI. lxi, p. 202. 
t Loc. cif. 
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rohunr thrre idll h? a n'dadwn in <h'ndt<j t and till the Ituc-f 
vnJffhh'iL But thin is exactly what does not happen." 
With regard to this statement Dr. Schuster writes: — 
" "With this remark T cannot agree. The main fact to 
is the gradual displacement of hydrogen, which is pred 
hottest stars, by calcium, iron, and other metals. The 
opinion several causes at work which might produce 
glowing mass of gas may be either in thermal or in com 
brium, and the spectroscopic appearances in the two case; 
foundry different. In reality an intermediate state pvobal 
at, hue there is good evidence to show that the state o 
equilibrium is more nearly approached in our sun than in 
stars. "We know as a fact that there are powerful convect 
near the sun's surface. There is, in consequence, an a], 
uniform distribution of matter and enormous differences of 
in layers which are comparatively close together. Those « 
given much attention to this subject will hardly realise 
of temperature brought about by convection currents. Oi 
of the sun the temperature gradient produced by convec 
would lie equal to 2O,0QO ! for each 100 kilometres dill'erer 
so that an angular distance of one second of arc would con 
difference of 100,000 . "Radiation and condensation will (' 
gradient, but that it is very large is sufficiently proved by 
scopic evidence. Thus, according to the results of Me. 
Mohlcr, and Humphreys,* the pressure in the reversing 1 
calcium giving the Ii and K lines is about six atmosphere; 
for the cooler calcium vapour is about three atmospher 
gravitational constant twenty- seven times as large as that <; 
a difference of three atmospheres can only mean a eompara 
difference in level ; while, then, in the sun we must admit a 
effectual stirring up of the constituents together with an 
rapid temperature gradient, the evidence is just the other 
case of stars like y Lyrre. The spectrum of that star, a 
Professor Lockyer, contains only the high temperature li 
This means not only that the reversing layer is very hot, b 
there are no rapid changes of temperature at different 1 
impossible to imagine this hot layer of gas ending abrupt 
be surrounded by cooler matter, which cannot be iron, as tl 
pcrature lines of iron do not appear. In such a star there c; 
effectual mixing up of the constituents, and hence the layers 
arrange themselves according to the laws of diffusion. It w. 
that hydrogen, being a lighter gas than iron, will be chiefly 
* Astrop'ii/sica! Journal, vol. in, p. 138. 
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it the cooler and outer layers, while iron will be found more particu- 
larly in the inner and hotter parts. The relative proportion of different 
elements in different layers will be regulated paitly by their density, 
it to a great extent also by the total quantities present in the st;tr ; 
r the different gases will not float on each other as liquids might, but 
thY' density of each gas will increase steadily from the surface to the 
iitie. The chief difference, according to this view, between a hydro- 
iu and a solar star lien in the more or less effectual mixing up of the 
constituents. If we could introduce a stirrer into y Lyra there can be 
> doubt whatever that the low temperature lines of iron would make 
icir appearance, while, on the other hand, if we could stop all convec- 
tion currents on the surface of the sun the hydrogen which now lies 
ider the photosphere woidd gradually diffuse out and give greater 
ominence to its characteristic absorption lines." 
" In the face of the direct evidence of the absence of convection 
currents in the hotter stars, it is not necessary for che purpose of my 
■gument to discuss why this is the case, but it can be seen that 
■minished gravity, diminished density, and consequently increased 
seosity, will contribute to the effect, while effectual radiation will, 
.ring to the smaller density, take place more evenly through a thicker 
,yer of the envelope, so that the principal cause of convection currents 
ill also be much diminished." 
In replying to this objection of Dr. Schuster's I will first deal with 
the convection currents and the tremendous temperature gradient 
Inch Dr. Schuster postulates. In the sun, the seat of such convection 
irrents, according to him, while they are absent from y Lyras they 
e sufficiently powerful to cause a difference of 20,000" C. for each 
1)0 kilom. in difference of level, or, as he otherwise puts it, a 
ifferencc of 100,000' for one second of arc. 

The eclipse photographs give no evidence of the rapid temperature 
radient in the sun supposed by Dr. Schuster. Tn the Indian series, 
.vo successive photographs taken at intervals of about one second near 
ic beginning of totality differ inasmuch as the first includes a 
,ratuni about 150 miles above the photosphere, which would be 
ivered by the moon when the second was taken (except for the effect 
produced by irregularities in the moon's limb). Vet there is no great 
.liffercnte in the spectra ; both contain arc and enhanced lines about 
equally, and therefore indicate that the temperature changes can only 
e small in a depth of 150 miles. In fact throughout a distance of 
500 miles above the photosphere the spectrum indicates no change of 
temperature of importance. 

We have got the facts then in the eclipse photographs, and find no 
large spectral changes in a region where Dr. Schuster postulates a dif- 
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ference of 100,000° C. Are we to take this value as d 
of the sun's photo spheric level 1 If so, how does Dr. fj 
it with the values obtained by all the recent workers wl 
than 10,000" C. ? and even with Homer Lane's 28,000 J t 

Surely the facts show that there are not, in the sin 
clous convection currents as are demanded on Dr. Schus 

Professor Schuster refers to the conclusion drawn by 
and others as to the pressure" of. hot and cold calcium ii 
layer. His reference shows that he agrees with my vi 
dealing with different molecules, but I wish to remark 
must not he too hasty in accepting the conclusions to w 
for the reason that the eclipse photographs do not tallj 
first sight. In these photographs (lt<9S) the K layer re; 
of 6,000 miles; the A. 4226-<J/j kyer only 2,000 miles, 
that cool calcium falls and is dissociated at the bottom, 
does not mean that there is a layer of cooler calcium at , 
tion and at less pressure surrounding a hotter one at a 1 
and higher pressure. 

The evidence on which it is assumed that convection 
absent from the hotter stars like y Lyras of decreasing 
does not appear to be conclusive. But let us assume it. 

The absence of cool iron lines only shows that we 
of higher temperature than in the sun. May there not ; 
temperature gradient, from "high" to "very high' 
instead of from "low" to "high " as in the sun 1 But 
mere stirring up of y Lyra; would not make its spectr 
the sun. Such stirring up could only introduce the cool 
if the proto-iron were by that process driven out i 
regions, where it might become iron and so produce eo<|> 
tion lines in the spectrum of the star. 15ut it by no 
that these cool iron lines would be as 3lrong as in the 
for we know that the amount of absorbing proto-iron 
Moreover, this process of stirring would hardly reduce 
the hydrogen lines. 

A reductiou of temperature, however, furnishes us w 
explanation of the changes observed in passing from s 
y Lyne to one like the sun; the cool lines of iron wouh 
matter of course, and 3neh lines would become stronger i 
formed at the expense of the hydrogen. 

If we take the converse view, and suppose the postujl 
tion currents in the sun to be stopped, I do not see how 
tion of things would result in changing the present spt 
sun into a spectrum like that of y Lyric. "We have ix 
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The final discussi 
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that of a middle rag 
record among the Fra 
there are hundreds of 
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whatever thai the low 
appearance/ 1 

Dr. .Schuster also 
photosphere"; is ther 
history of hydrogen, i 
is simply and snftieien ;ly 
question whether an e 
of hydrogen is more s 

I now proceed to 

•' There is especial! 
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icnsity of the lines of hydrogen, but the ap pear- 
lines of iron as absorption lines. Xow these 
1 ready in the sun's chromosphere, and arc pre- 
the Framihofer spectrum, because the vapour 
hes the temperature of the photosphere. Is it 
of quiescence in the sun would so increase the 
liotosphere as to make visible the absorption of 
vapours % And, if this be possible, there would 
eason for the disappearance of the cool lines of 
nwever, from y Lyras is readily explained if we 
increase of temperature, producing proto-iron 
;ool iron vapour, and a dissociation capable of 
1 increase of hydrogen absorption at the expense 
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absorption of hydrogen can be accounted for 
The idea of hydrogen being set free for this 
the photosphere does not seem to me probable. 
~m of such subjects as these is very difficult, 
the sun that the absorption recorded is only 
ion. Xeither helium nor coronium writes its 
inhofer lines. Surely everybody will agree that 
substances in the higher cooler reaches of the 
write no record. How then can we say that 
.ssumed by Pr. Schuster " there can be no iluvlt* 
r temnerature lines of iron would make their 



refers to hydrogen " imprisoned beneath the 
■ any justification for this view 1 The complete 
lcluding proto-hydrogen in stellar atmospheres, 
explained on the dissociation hypothesis. I 
splanaiion which requires such an imprisonment 
ttin factory. 

ftivo another quotation from Dr. .Schuster: — 
y one question which Professor Loekycr must bo 
Amongst the heavier metals, tellurium, anti- 
ot represented in the sun, but they are found in 
nsistent, we must, if we adopt the theory of dia- 
these metals are decomposed in the sun. But, if 
;or Lockyer right, he believes that with our 
can exceed the state of dissociation which exists 
r of the sun. Take such a strong spark, then, 
ry, do you get lines of helium, or of calcium, or 
3 lie it al it. 1 " arc mire. — Ti. 
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of hydrogen] This seems tome to he almost a crucial experiment. 
Possibly, of course, we should get high temperature lines not hitherto 
looked for, but present in the sun. If so, the objection would fall to 
the ground, but if this is not the case, and if mercury at a high tem- 
perature refuses to be dissociated into simpler elements, ;i most serious 
objection to the theory would have to be answered." 

In reply to this I may state that in recent large dispersion photo- 
graphs the differences pointed out by Dr. Schuster between the spectra 
of the sun and Aldebaran do not exist. I quite agree that such experi- 
ments as he describes should be made, and I have made many, but the 
work which is necessary has been interrupted, since I have no longer 
■at my disposal the Spottiswoode coil, the superiority of which, over all 
others, for such a general inquiry as this I have amply demonstrated. 
I may say here, however, that so tar as the observations have gone 
there is apparently an agreement between the laboratory and stellar 
results, but there are possible sources of error which require to be 
-studied, and also in a matter of such high importance the experiments 
must be repeated many times before a final statement is made. 

Dr. Schuster next states ; — 

" While I think that we shall all admit that different stars are in 
different stages of development, and that hydrogen stars will ulti- 
mately approach move nearly to the state of our sun, it would be 
unwise to push the argument of uniformity too far, and to say that 
every star will pass exactly through the same stages. Putter, who is 
favourably inclined to the dissociation hypothesis,* gives good reason 
to believe that the sun's surface was never much hotter than it is 
now, and that the higher temperature of hydrogen stars is connected 
with their greater masses. Tt is, in fact, impossible to admit that the 
process of development should be quite independent of the total mass 
of the star. It may be urged that Arcturus must have a mass much 
larger than that of our sun, and its spectrum, according to Professor 
Loekyer, is identical with that of the sun. But I suppose that that 
^statement only refers to the blue and violet reeion, for, according to 
Dr. Huggins, to whose early stellar photographs we owe so much, the 
spectrum of Arcturus in the ultra-violet approaches that of Sinus." 

Although the masses of very few white stars have been determined 
with trustworthy results, one ease in which a white star can be shown 
to have a smaller mass than the sun will be sufficient to show a weak- 
ness in Bitter's conclusions. For fi Persei (Algol) Vogel states the 
mass as four-ninths that of the sun; so that the sun, on Hitter's 
theories, may be supposed to be of sufficient mass to reach a tempera- 
ture as high as that of ft Persei — a result which does not accord with 
* Wied. Annaleit, vol. ss, p. 152. 
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his statement that the sun has probably never been, and ne 
much hotter than at present. 

Sir "William Huggius's statement as to the nitra-violet s 
Arc-turns is most interesting, if confirmed. The Reusing 
large dispersion photographs show an almost perfect s 
spectrum with that of the sun, extending to A. 3^S0. 

It is difficult to see any objection, 0:1 the ground 
masses, even if we grant the similarity of the two spectra, 
necessary to suppose that Arcturns, like the sun and other 
has passed its hotter stages, and that it ma}- have 
condensation before the sun. 

To take another case, ( l.'rsje Majoris and ft Auriga; 
which are almost identical, although the masses of the t\v 
according to Pkkering, are respectively 40 times and i '6 
the sim. Another very hot star, Spica, has a mass only 2'6 
of the sun. 

Dr. Schuster further suggests that it if not known 
Hitter has long studied the questicn of gaseous masses 
under their own gravitation. In my work which has consi 
discussion of spectroscopic observations, I was at the outset 
view that it was not a question of gaseous masses tit all, 
and therefore I did not refer to Hitter's conclusions on 
Again, I had to face the spectroscopic evidence of a chain o 
cooling bodies, and it was a detail to consider the fact that 
ing and contracting mass is not necessarily a cooling mas 
in spite of this truism a time must certainly come when all 
find their temperature reduced. I am aware that Hitter's 
regarding the first rise and subsequent fall of temperature 
bodies, are similar to those supported by the spectroscopic 
what I have considered to be condensing swarms of meteo 
would not have been fair to claim Hitter's conclusions as sup 
own, because the bases of the phenomena considered In- 
different. 

I, perhaps, may be allowed to poiat out that where Hi 
sions do not seem to harmonise with the spectroscopic facts 
that, as Professor Perry has pointed out,* a stellar atmos. 
more complicated thing than the theory of a gaseous 
Even the spectroscope deals generally only with the reversi 

Frofessor Terry writes : — 

" He (Hitter) assumes that the radiating layer on the 
star is of constant mass. He also assumes that the rate c 
is proportional to the fourth power of the average 
* Xafm-e, vol. Is, p. 247, 1S99. 
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with temperatures which are so much 



with which we work in the laboratory, 
ust be regarded as quite arbitrary. 
:i his classical paper on the theoretical tem- 
akes the assumption that. Dulong and Petit's 
for solar radiation, and he uses it to calculate 
adiating layer, which he finds to be 2<s,000' T. 
irical law, obeyed possibly at laboratory tcm- 
from hot solids, to express the radiation at 
from a hot layer of gas which has layers of 
aturcs above and below it. 

it we know too little about the phenomenon <>i 
gas with denser and hotter layers below and 
hove to allow of any weight being placed upon 
,ter or Homer Lane. In a star we have layers 
temperature and density. "We have no labora- 
ition that is applicable. We know very little 
our own sun. * * * Assumptions like 
and Hitter may lead to results which are 



to two more objections from another quarter, 
connection which I have insisted upon between 
nuvous spectrum and the temperature of the light 
statod that this is based upon KirchhoiFs law. To 
rays far up in the ultra-violet can lie emitted 
;h temperature. The inference is that the stars 
a may lie cold. But they are connected with 
chain of sequences in the phenomena. Then 

lhat the phenomena of the gaseous stars instead 
temperature, are caused by phosphorescence, 
is's phosphorescent spectra ? If this objection 
can be made to phosphoresce so as to give us 
ic objector should have made the experiment 
nself to such an objection. 



* American Journal ?f Science aai Arts, 2ml scries, vol. i, p. 57, 1S70. 
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noo\\ v.— ixoru.yxic evolution. 

Chap. XIX. — What Evolution jieans : Organic Evolution*. 

Ix thn previous chapters I have endeavoured to correlate al the facts 
which have been obtained during the last, let us say, thirty years, in 
relation to the sun, with more recent facts that have been gathered 
with regard to the stars. In this we were, by hypothesis, watching 
the effects of dissociation as the temperature rose higher an:l higher; 
wc have found that the dissociation hypothesis, the view, namely, that 
at high temperatures the chemical units with which we wo -k at low 
temperatures are broken up iiito smaller masses, explains tie spectral 
phenomena observed not only in our laboratories but in the sun and 
stars. 

I have also shown that in the opinion of many investigate rs such a 
dissociation is necessary to explain the phenomena observce in physi- 
cal inquiries other than those which directly concern us here 

In these concluding chapters I propose to change the point of view, 
to consider the phenomena no longer from the point of v ew of dis- 
sociation but from that of evolution. 

What is evolution ? To answer ibis question I can refer to 
another line of work irt which the word is frequently used and 
thoroughly understood. It is important that I should do this for 
another reason, which will be gathered later. That line of work has 
to do, not with inanimate fonns, like the chemical elements and the 
ntars, but with living things, with so-called organisms. Mist of my 
readers know that what we now recognise as one of the greatest 
triumphs of the century just ending was the deteimmation of the truth 
of a so-called "organic evolution" in which wc have, I suppose, the 
most profound revolution in modern thought which the world has 
seen. 

That evolution tells us that each kind of plant and animsl was not 
specially created, but that successive changes of form wen brought 
about by natural causes, and that the march of these forms .vas from 
the more simple to the more complex. Organic evolution, in fact, 
may be defined as the production of neiv organic forms from others 
more or less unlike themselves ; ro that all the present p ants and 
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als arc the descend ant a, through a long scries of modifications or 
transformations, or both, of a limited number of an ancient simpler 
type 
ii" ere 
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AVe must not suppose that this change has gone on as if things 
simply mounting a ladder; the truth seems to be that ive have 
to d<al with a sort of tree with a common root and two main trunks 
representing animal and vegetable life ; each of these is divided into a 
few main branches, these into a multitude of branehlcts, and these 
into smaller groups of twigs. 

This new view represents to us the evolution of the sum of living 
beings; shows that all kinds of animals and plants have come into 
existence by the growth and modification of primordial germs. Xow I 
want just to say that this is no new idea, it is the demonstration which 
is new to us in our present century and generation ; we have really to 
gob/ .fir to the seventeenth century, if indeed we must not go as far back 
as Aristotle, for the first germs of it; but with regard to the history, 
however, T have no time to deal with it. There are two or three 
poin .5, however, to be considered in regard to this evolution. The 
individual organic forms need not continnousiv advance, all that is 
reqn red is that there shall be a genera! advance — an advance like that 
of oi r modem civilisation -while some individual tribes or nations, as 
we know stand still, or become even degenerate. With this reserva- 
tion, the first forms were the simplest. It may be that as yet we know 
really very little of the dawn of geological history; that the fossili- 
feroi.s rocks are nowhere near the real base. This conclusion has been 
derived by Professor Poulton* from the complexity of the forms met 
with in them ; still we find that we have not to deal with such a vast 
promiscuous association of plants and animals of lowest and highest 
organisation as we know to-day; we deal relatively only with the 
simplest. The story both with regard to plants and animals is alike 
in this respect. 

et me deal with the plants first. The first were aquatic — that is 
to siy, they lived in and on the waters. So far as we know, the first 
plan ; life was akin to that of the alga?, which include our modern sea- 
weed, moss-like plants followed them, and then ferns, and it is only 
very mueh later that the forms we know as seed plants with gaily 
coloured llowers living on the land made their appearance. The 
general trend of change amongst the plants has been in the direction of 
a lard vegetation as opposed to one merely in or on the surface of the 
waters, and some present seaweeds exhibit the initial simplicity of 
plan 
whi! 



.-structure which characterised the beginning of vegetable life, 
j the seed plants T have mentioned are of comparatively late de- 
President ial Address, Section I>, British .Association Jfetiitig at Liver)rol, 
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ve opment ; lint we still have onr seaweed ; so that with all the change 
in some directions, some forms like the earlier survive. 

After this explanation, relating to work in an apparently different 
dii ection, there should he no difficulty in understanding the meaning I 
at1 ach to the woi'd " evolution " so far as the history of jjlant change 
concerned, in relation to the chemical elements ; but we arc not 
limited to plant life. The same conceptions apply to animal life, and 
s important for my subject that I should refer to that also. "What 
we find there 1 We are brought face to face with the same jiro- 
ission from simple to complex forms. This is best studied by a 
ereueeto the geological record. 

Htratigraphical geology is neither more nor less than the anatomy 
the earth,* and the history of the succession of the formations is 
i history of a succession of such anatomies; or corresponds with 
development as distinct from generation. In stratigraphical geology, 
can be gathered from any book on the subject, we find the names 
certain beds which contain certain different forms of animal and 
^etable life. We begin with the Laurentian and Algonkian and 
jn pass to the Cambrian, then to the Ordovician, the Silurian and 
:vonian, and so on through a long list of beds and geological 
ata until we come eventually to the Becent, that is to say, 
the condition of things which is going on nowadays on the surface 
the earth. And if we prefer to map those many different 
ds into more generic groupings, we begin with the Primary or 
T'l.Ueozoic, we pass on to the Secondary or Mesozoic, and then we 
fiially reach the Tertiary or Cainozoic. The deposition of these beds 
d of the animal life which has been going on continuously on the 
surface while those beds have been deposited, gives us the various 
anges and developments which have taken place with regard to 
imal forms. 

It is worth while to go a little more into details and to indicate 
the changes in these forms which have taken place, in the most general 
iv. .Beginning with the Lower Cambrian, we find that the animal 
forms were represented by Invertebrata such as Sponges, Corals, 
■hinoderms, lirachiopods, Mollnsca, Crustacea with many early Trilo- 
bites; not to mention true Fucoids and other lowly plant-remains, 
hen we come to the Silurian, we rind a large accession of the above 
rms, especially of Corals, Crinokls, and Giant Crustaceans (such as 
-njtjutus) and armoured animals (Ostraeodermi) without a lower jaw, 
o] paired tins ; the beginnings of Vertebrate life, not yet fully evolved, 
d one lowly organised group of armoured fishes named Cyatlutq/ix 
"ithout bone-cells in their shelly-shield). Here, too, we meet with 
* Huxley, Q.J.G.S., vol. sxv, p. 43. 
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the first air-breathers ; the iving of .1 Cockroach 
undoubted Scorpions ! Thus in addition 
opposed to invertebrates, and the first tra' 
advance to the Devonian the fishes (associa 
predominate : it has been called the age of fi. 
the Carboniferous, we find the first certain 
which the early existence is like that of a 
trated by the frog, which the majority of u 1 ; 
I am sure, studied as a tadpole in its early 
amphibians still retain fish-like characters, 
at the Permian that the true reptiles are m 
great series, the Triassic, we meet with a 
group of .Reptiles, the Thcriodontia, or beas 
(unique among reptiles) they possess a d 
with incisors, canines and cheek teeth ; the pi 
surceeding mammalian type. We pass e; 
to mammals which are related to them ; 
rhynchus and the echidna are both Austral 
forth their young within the egg as do the 
begin to deal with birds. The early birdo w 
some of their characters; and the pterodacty 
in many museums, was really a winged repti 
that we gather that mammals and birds are \ 
we progress from the Jurassic to the Recent 
appearance as a direct descendant of all tho? 

When we come to study the life-his 
brought before us by the geological beds, we 
ably, a fact indicated by the presence or 
genera in the various strata. We find that 
only appear in the very early geological form 
them in the recent, hut of the annelids and Bra 
are continuous from the earliest to the latest 
our worms. Again we learn that certain 1 
their appearance very low down in the tin 
not represented at all in the earlier Camb: 
some of these are continuous to the present <. 

Let us take the story of the fishes, 
their appearance at the Devonian stage, there 
some of these stopped there, whereas others 
the Devonian times to our own. Take, for 
mudfish Cmdodus ; to Judge from the teeth 
lived on unchanged from late Palaeozoic tim 
We fee there is a tremendous variation of 
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speak, with regard to these different forms. In that way, then, the 
geologist has been able to bring before us the continuity of life in 
various forms, from the most ancient geological strata to the mos,t 
recent. The record maybe incomplete, but is complete enough formv 
purpose. 

But that is not the only evidence of evolution to which I 
The teachings of embryology confirm the argument based 
study of geology, and suggest that the life-history of tht 
reproduced in the life-history of individuals. The processes 
growth or embryonic development present a remarkable 
throughout the whole of the zoological series ; and although I 
is still limited, some authorities hold that there is the closes: 
connection between the development of the. individual and th 
ment of the whole series of animal life. There are others, 
who do not regard the argument derived from embryology 
convincing one. However this may be, if we study the embry 
tortoise, fowl, dog, and man, we find that there is a wonrle 
larity between them at a certain stage. At a further stage 
ment the similarity is still borne out. This does not me 
vertebrate animal during its development first of all becomes 
and then the various animals which are represented by these 
it simply means that they are all related, inasmuch as the 
tinuity. 

After these references to plants and animals it shonlc be clear 
what organic evolution really is, and therefore what evplution is 
generally. 
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Just as plants and animals compose the organic or living 
the so-called chemical elements (cither* single or combinec 
inorganic or non-living world. 

Formerly plants and animals and the chemical elemdnts 
considered to represent special creations — " manufactured 
we now know that plants and animals do not : that 
continuously evolved from simpler forms. 

"What we have now to consider is whether the facts set 
preceding chapters do or do not indicate that we rmis 
chemical elements, like plants and animals, as products of 

Taking plants and animals as we know them, th 
into past times the more differences in form are noted, 
temperature at which the vital processes were and are car 
certainly uot been widely different. 

Taking the chemical elements as we know them here, " 
en:es in composition continuously indicated as stars of siicees^' 1 . 
temperature are studied. It is obvious that this is a \ 
point. In inorganic evolution we are dealing with a great r 
of temperature ; how tremendous no man can say. We 
perature of our eaith, but we do not know, and we canuct 
temperatures of the hottest stars. So that how great the; 
of the earth may once have been, supposing it to lie repres 
pre-ent temperature of the hottest star, no man knows wit 

AVith regard to organic evolution, however, which has 
the plant world and the animal world, there can have 
running down of temperature at all. The temperature mukt 
practically constant within a very few degrees. 

The differences then depend upon time in organic, ani 
perature in inorganic, nature. 

It is for this reason that in the inorganic evoiutioi 
concerns us the chemical changes brought about by cln 
perature must be our chief guide, and the earliest and sifti 
must be sought in regions where the highest temperature i$ 

The effect of high temperature in producing simplifuatl 
to ever ybody. If we deal, for instance, with well kno 
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compounds, say chloride of » 
iron, that is iron-rust, we pr 
are composed by heat, and wc 
the fact that chlorine and sod 
the other, must have existeol 
and iron-rust, could he 
hydrogen and oxygen at a 
perature above which the t\ 
uncombined ; when the tem} 
ciation, therefore, in all its 
coming together of which has 
up by heat. If this hp to, Ike _ 
bij heut mud be the earliest e. 
behave like the various geolo^ 
gression of new forms in an 
chemical substances which v 
far as we know, bring us in 
we can command in our 1 
evolutionary forms. 

I have said if. Xow do 
present us with a progression 
from the oldest to the newest 

The preceding pages cnal 
p. 47 I indicated how, in 
of effects accompanied by e 
the gradual coming together 
have a mass of matter cold 
which represent the different 
fact, been arranged along 
ascend one branch of this 
hotter till ultimately at the tc 
of. Then on the descending 1: 
and finally they come down 
dark world like the compaui 
planet in which we dwell. 

Thanks to the recent v\ 
in special relation to their ( 
made more complete as time 
field ; but it is already coni]|il 
the story is one of changes 
other. 

"When the photography < 
knowledge was so incomplete 



imu, that is common salt, and oxide of 
nee the simpler substances of which they 
further have no difficulty in recognising 
tun in one ease, and oxygen and iron in 
before their compounds, common salt 
or associated. Water is split into 
temperature, so that there is a tciu- 
_ 0 gases would remain in contact but 
eratnre falls water is produced. Disso- 
itages must reveal to us the forms the 
produced the thing dissociated or broken 
'iiitrf pnnlarU of ilissocwiwn or breakhxj np 
deal ft/mn: Hence if the various stars 
;ical strata in bringing before us a pro- 
organised sequence, we must regard the 
ibly exist in the hottest stars which, so 
rescnee of temperatures higher than any 
joratories, as representing the eailiest 
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the stars from the hottest to the coldest 
of new forms as the geological strata do 



le us to answer this question fully. On 
ieal evolution, we deal with a continuity 
siderahle changes of temperature; from 
>f meteoritic swarms until eventually we 
and dark in space. The various stars 
changes have been got out and have, in 
so-called temperature curve. As we 
■e the stara get gradually hotter and 
p we find the hottest stars that we know 
ranch are represented the cooling bodies, 
in temperature until we reach that of a 
m of Sirius, of our own moon, and the 



cun 



r, \vc can now deal with all these bodies 
liemistry. Xo doubt the record will be 
goes on and other workers come into the 
ete enough for my present purpose, for 
>f chemical forms from one end to the 

t stellar spectra work was begun our 
that a continuous chain of chemical facts 
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tions. Imitating 
in fan to these g 
oldest dealing v 
Argonian, Alnit; 
strata"], Sirian, 
I have also 
the geologist def 
for instance, t 



uestion ; but, thanks to the recent advances, we can 
ganic evolution from a chemical stand-point, and 
r to do is to consider the result of this inquiry. 
\iid VII give the evidence on which the statement 
,- made, that in the hottest stars we are brought in 
y small number of chemical elements. As we come 
ottest stars to the cooler ones the number of spectral 
id with the number of lines the number of chemical 
only refer to the known substances— it looks as if at 
still many unknowns to battle with. In the hottest 
with a form of hydrogen which we do not know 
here (but which we suppose to be due to the presence 
emperature), hydrogen as we know it, the cleveite 
esium and calcium in forms which are diflicu.lt to get 
.ve get them by using the highest temperatures avail- 
ones. In the stars of the next lower temperature 
nee of these substances continued in addition to the 
nxygen, nitrogen, and carbon. In the next cooler 
cimn added ; in the next we note the forms of iron, 
, and manganese, which we can produce at the very 
s available in our laboratories ; and it is only when 
5 much cooler that we find the ordinary indications of 
1 manganese and other metals. All these, therefore, 
produced by the running down of temperature. As 
ttis are introduced at each stage, so certain old forms 



features of the organic record are thus exactly reproduced, 
indeed that the most convenient way to present the 
define the various star-stages by means of the chemical 
reveal to us in exactly the same way as the geologists 
arc! to organic forms ; so that we may treat these 
m speak, as the equivalent of the geological strata, 
hottest to the coldest stars I have found ten groups so 
h other chemically that they require to be dealt with 
>letely as do the Cambrian and the Silurian forma- 
the geologist still further, I have given names ending 
roups or genera beginning with the hottest, that is the 
ith the running down of temperature : — These are 
mian, Acheruiau, Algolian, Markahian [a " break in 
Procyoman, Arcturian (solar), Fiseian. 
defined the chemical nature of these stellar strata as 
lies the nature of any of his various beds; we can say, 
hkt the Achernian stars contain chieilv hvdrocen. 
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We are justi 
the evolution poir 
detailed considerat 

Obviously we < 
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with transcendent; 
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temperatures all tt 
as gaseous as the 
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of gas. Those si 
lithium and soui 
on the gaseous com 
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Then with rega 
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solid is not a met a 
of hydrogen has li 
chemists, and 
non-metals, there 
it non-metal, and it 
gone as yet carbon 
group. 
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and carbon, and to a certain le3s extent they con- 
ium, proto-calcium, silicium, and sodium,* and pos- 
lithium ; so that at last, hy means of this recent 
■ctrum analysis, we have been able really to do for 
■hat the biologist, a good many years ago, did for 
a. 

, then, that the answer to the question: "Do the 
=>sion of chemical forms as the geological beds show 
ganic forms t" is clear and precise. There is a 
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, therefore, in considering the matter further from 
t of view. There are several points which merit 
on. 

annot expect to get much help by thinking along- 
C3, for the reason that in the stars we are dealing 
.1 temperatures. For instance, we must not make 
itference between gases and solids, because at high 
e chemical elements known to us as solids are just 
tases themselves ; that is to say, they exist as gases ; 
ure, everything, of course, will put on the nature 
istances with the lowest melting points, such as 
, will, of course, under our present conditions put 
lition very much more readily than other substances 
, but those are considerations which need not be 
in relation to very high stellar temperatures; of 
be no solids at a temperature of 10,000' C, and 
ses in space away from the stars if the temperature 

absolute zero, 
■d to metals and non-metals. Here again we reallv 
:<\ by this distinction. The general conception of 
is a solid, and that, therefore, a thing that is not a 
: but the chemical evidence for the metallic nature 
:cn enlarged upon by several very distinguished 
vis generally known as a liquid. With regard to 
"e certainly very many. Carbon is supposed to be 
is remarkable that, so far as the stellar evidence has 
seems to be the only certain representative of that 



it specially that the table of the chemical defini- 
stcllar genera (given on pp. 70 and 71), which 
hard facts, is perhaps, like the geological record.. 



* Campbell, Astronomy and Astro-physics, 1S9J,tu1. xiii, p. 335. 



©2010 Forgotten Books 



www. forgottenb ooks.org 



XX.] STELLAR EVIDENCE REGARDING IXORCAXIC EVOLfTIOX. ] 

more important on account of whit it indicates as to the presence of 
the chemical elements in the stars than it is for what it omits. 

There are a great many reasons why some of the substances whiirh 
may exist in these stars should not make their appearance. T wish 
enlarge upon the fact that, seeing the very small range of our pho 
graphs of stellar spectra, seeing also that it does not at all follow tl 
the crucial lines of the various chemical substances will reveal them- 
selves in that particular part of the spectrum which we can pho 
graph, the negative evidence is of very much less importance th 
the positive evidence. I think it is possible, for instance, that we mi 
add lithium to the substances which we find in the table on pages 
and 71, we must certainly include sodium and also aluminium, a 
chlorine possibly, but about sulphur at present I have no certf 
knowledge. At all events, we can with the greatest confidence point 
out the remarkable absence of substances of high atomic weight, a i 
the extraordinary thing that the metals magnesium, calcium, sodium 
and silicium undoubtedly began their existence in the hottest stars lo i 
before, apparently, there is any obvious trace of many of the otl 
metals which a chemist would certainly have been looking out for. 
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With regard to the substances which appear in the hottest stars, 
the all important, the first point to make, is that the chemical forms 
we see are amongst the simplest. 

How can this be determined 1 In two ways. The chemist will 
acknowledge that an element of low atomic weight is simpler, that is, 
has less mass than an element of high atomic weight. If we rely 
spectrum analysis we can say, when dealing with the qnes 
"series," that the elements which most readily give complete 
are in all probability simpler than those which give none, and 
still trner when we find that all the lines in the spectrum of 
stance can be included in those rhythmical series, as happens 
case of hydrogen and the eleveite gases. Judged then bj 
standards it is certain that the first stage of inorganic evolt 
there has been such an evolution, is certainly a stage of simplest 
as in organic evolution, whatever view we take of the nature 
" atom." 

It is worth while to compare in detail the results obtained by this 
newest form of spectrum analysis relating to "series," with the 
earliest stellar forms, because it is evident that we are here in f 
of the beginning of a new method of study of the nature 
so-called chemical elements. 

We found that the hottest stars contained hydrogen, heli 
asberium. We have also found (Chap. X) that those sul 
have the simplest series ; that is to say, one set of three. It 
than probable, although it is not absolutely established, th. 
lithium group of metals is also represented in stars of vei 
temperature. There, again, we have the simple series of one 
three. About sulphur we do not yet know positively, 
probable, I think, that sulphur may exist in the hot stars, 
again, we get another simple set cf three; so that for three 
certain constituents of the hottest stars, together with one pr 
all probability and one doubtful, we are dealing with the 
series. 

But now comes the remarkable fact that side by side with these 
simple substances we get in the hottest stars magnesium, calci.ira and 
siliumn. Of the " series " conditions of the last we know nothing. Of 
magnesium and calcium only subordinate series have been determined. 
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Wo cannot suppose that the absence of the principal 
a greater simplicity, because I have shown that only 
lines in the spectrum of each of these substances has yet 
up in the series, and if the series represent the vibrations 
paiticle, of course the lines which are not represented in 
theory must represent the vibratious of some other par tic 
there we are face to face with the possibility of a greater 
the particles which produce the series than of those w 
stars give us the lines not in the series. These then are 
forms. 

Coming further down in stellar temperatures we f 
here we deal with six series instead of three, or two, as i 
magnesium and calcium ; and even then, as I have pointe 
not deal with above half the lines of the gas as we can s 
higher temperature. This then, seems to suggest that in 
stars there are very various stabilities of very various fori 
there seems to be there as here distinctly the survival of 
otherwise how can we account for the fact that certainly 
stars we get three metals, magnesium, calcium and siliciuri 
have indication of any other, and that where we have thos 
bring our series touch-stone to them, we find that instead r 
simple they are really very complex as they exist here. J: 
may be, we are now assured that there is a much greatei 
some apparently more complex forms in the hotter stars thai l 
simple ones ; and that is a matter which the chemists, whe 
to inquire into these questions which we are now cons 
certainly have to face. This suggests, too, another very 
question. A great many simple organic forms appear ir: 
graphic series at a late period; some of the simplest for 
others remained. Now, it may be that some of the more s 
in inorganic evolution, as in organic evolution, really re 
introductions; but, however this may be, it is perfectly 
we have not an absolute parallel between the results of 
scopic observations of series and the spectroscopic obsc 
stars. 

In all these changes we seem to be brought into pr> 
sive complications due to reduction of temperature, but 
longer series of complications in some substances than 
Of the origin of proto-magnesium and proto-calcium the 
tell us nothing; but it is difficult to believe that the earl«. 
the other metals are not built up of some of the constitu 
heat ranges represented by those between y Argus and a 
that their other complications began later. 
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The next point is that the astronomical record, studied 
evolution point of view, is in other ways on all-fours with the 
record in relation to increasing complexity. ^'e note 
changes of forms, sudden breaks in forms, disappearani 
accompanied by appearances of new, forms ; and with the 
to associate, whether we consider the atomic weight point 
the series point of view, a growth of complexity. 

Although in this chapter I have chiefly referred to 
evidence, I mast not neglect to point out that over a restr 
of temperature solar evidence can he utilized as well, 
brought the sun and the stars together into line in all inn 
to the discussion of the effects of higher temperatures, 
graphs taken during the recent solar eclipses show that w 
with the hottest part of the sun that we can get at, whiel 
than that part of the sun which produces the well-known 
specunm marked by the so-called Frauuhofer lines, we are 
unknown territory at all, but are brought face to face w 
phenomena to those in the atmospheres of stars which are 
our sun. The bright-line spectrum of the sun's chromo 
during an eclipse shows us the effects produced by heat in 
part of the sun that we can reach ; these we can compare wi 
lines of a star which contains absorption lines very different 
represented by the Fraunhofer lines, and we find that they 
almost line for line. 

Such an inorganic evolution was suggested by me man 
now, to explain the few stellar facts with which we were th 
I must point out, however, that we are now in a very n 
condition to consider this problem than we have ever 
because at the present moment we have tens of thousan 
almost say hundreds of thousands, of co-ordinated facts 
and it is not a little remarkable that now the gaps in our 
have been filled up, we find ourselves in the presence of 
an evolution which is really majestic in its simplicity. 

It is proper that 1 should say that just as the work of 
the nineteenth century was foreshadowed by seventeenth c 
gestions, so the stellar demonstration with which we are 
been preceded by hypotheses distinctly in the same diree 
first stage of chemistry was alchemy; alchemy concerned 
transmutations, but it was found very early that the re 
of the later science of chemistry was to study simjilijiciilh 
course, to do this to the utmost we want precisely those 
differences in temperature which it appears the stars alone 
disposal. 
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regard to the general question of inorganic evolution, the 
,'as thrown out in the year 1815 by Front, who, in conse- 
the low atomic weight of hydrogen, suggested that that 
was really the primary element, and that all the others, 
their different atomic weights, were aggregations of hydro- 
complexity of the aggregation being determined by the 
j;ht; that is to say, the element with an atomic weight of 
ed 20 hydrogen units ; with an atomic weight of 40 it 
40, and so on. The reply to that was that very minute 
ed that the chemical elements, when they were properly 
d examined with the greatest care, did not give exactly 
bers representing their atomic weights. They were so and 
/imal, which might be very near the zero point, or half-wav 
,nd that was supposed to be a crushing answer to Front's 
; next view, which included the same idea- that is to say, a 
onnection between these different things as opposed to the 
they were manufactured articles, special creations, each 
iv relation whatever to the other, was suggested by Dobe- 
817, and the idea was expanded by Fcttenkofcr in 1S50. 
■ed out that there were groups of three elements, such as 
ium, and potassium, numerically connected; that is, thou- 
ghts being 7, 23, and 39, the central atomic weight was 
i mean of the other two, 7 + 39 = 4G, divided by 2, we 



odi 



j] other way, however, of showing that is that 7 + 16 = 23, 
16 = 39; the latter method suggests a possible addition of 
with an atomic weight of 16. 

2 de Chancourtois came to the conclusion that the relations 
ie properties of the various chemical elements were really 
ical relations. It is not till 18G4 that we come to the 
periodic law," which was first suggested by Xewlands, and 
by Mendeleef in 1S69. According to this law, the chemical 
properties of the elements are periodic functions of then 
hts. Lothar Meyer afterwards went into this matter, and 
some very interesting results from the point of view of 
.lines. He showed that if we plot the atomic volumes of 
t elements, arranged according to their atomic weights from 
ht, there is a certain periodicity in the apices of the curve 
the highest atomic volumes. 

there was no reference to the action of temperature in rela- 
s, but in 1873 I suggested that we must have a fall of tcm- 
stars, and that the greater complexity in the spectra of 
,rs was probably duo to this fall of temperature. This idea 
telv utilised by Sir William Crookcs in an interesting varia- 
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tiou of the periodic law, in which he assumes that te 
a part in bringing about the changes in the eharact 
ments. Erodie, in 1$80, came to the conclusion th 
were certainly not elementary, because in what he call 
calculus" he had to assume that certain substances, 
elements, were really not so; and be then threw ou 
nant idea that possibly in some of the hotter stars 
ments which he predicted might be found. Xine yt 
Jtydberg, one of the most industrious investigators of 
"series "to which 1 have referred, stated that most of 
of series could be explained by supposing that bydroge 
initial element, and that the other substances were 
of hydrogen ; so that he came back to Front's first vie 
these ideas imply a continuous action, and suggest that 
ojiginal stuff which was continuously formed into £ 
complex as time went on. That is to say, that the 
chemical elements as we know them does not depend 
been separately manufactured, but that they are th 
working of a general law, as in the ease of plants and t 

It will be gathered from the above statement that 
are entirely in harmony with the highest chemical thou 
establish the correctness of its major contention. We 
pass from chemical speculation to a solid chain of fac 
less will be strengthened and lengthened as time goes c 
changes we seem to be in the presence of a series of 
possibility of which depends upon a reduction of tempo 
may have been roughly, a scries of doublings, or the gi 
ties may also have been brought about by the un 
substances. In either case, as temperature falls, we 
of combinations which was not present before; so that 
complex forms are produced. 

In discussing the idea of evolution, both organic ai 
are driven to the consideration of a first form, from > 
quent ones are derived. 

The method of inorganic evolution must depend 
which complications are brought about. Although in 
have dealt with the received chemical view, I shall she 
that it is not the only one we have to consider. 

It is well to point out that the inquiries referred 
are now not the only ones which suggest the evolu 
matter from some primordial element such as I sugges 
explain the spectroscopic facts then available. 

I have already referred to the work recently 
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perturbations of spectral lines. Mr. Preston, in di 
ings of his results, thus writes : — * 

" We have, I think, reasonable hope that the time 
ing when intimate relations, if not identity, will be 
between forms of matter which have heretofore bee i 
quite distinct. Important spectroscopic information 
same direction has been gleaned through a long series 
by Sir Norman Lockyer, on the spectra of the fixed s 
different spectra yielded by the same substance at di 
tures. These observations lend some support to th<: 
entertained merely as a speculation, that all the \ 
matter, all the various so-called chemical elements, ma ^ 
some way of the same fundamental substance." 

In the same way Professor J. J. Thomson, in his in 
gations of the cathode rays, after describing a new 
writes :— t 

"The explanation which seems to me to account in 
and straightforward manner for the facts is founded 01 
constitution of the chemical elements which has been fi 
tained by many chemists : this view is that the atoms 
chemical elements are different aggregations of ; 
kind. In the form in which this hypothesis was enun 
the atoms of the different elements were hydrogen 
precise form the hypothesis is not tenable, but if w 
hydrogen some unknown primordial substance X, tl 
known which is inconsistent with this hypothesis, whi 
has been recently supported by Sir Norman Locky 
derived from the study of the stellar spectra." 

On these points we must now go more into details. 

* Nature, vol. lx, p. ISO. 
f mil. Mag., 1897, p. 311. 
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It may lie of interest to briefly consider the 
evolution in relation to those of organic evoln 
referred to the fundamental difference in the 
evidence of a running down of temperature wl. 
in the case of the stars ; in the case of the orga 
at the present time, we cannot he very much 
peraturc conditions of the Cambrian format: 
which I have made before, and it is important to 
there cannot have been any very great change 
the whole cycle of organic life. Previous to it 
plexity brought about, possibly by doublings, 
Inflations, the result being, as I have already 
plex forms. Of course, at the dawn of organic 
the earth there may have been residua of the 
that is to say, not all the elements which we 
had combined to form the substances of whic 
posed. However this may have been, althougl 
evolution, unlike that of inorganic evolution, 
under widely different temperature conditions, t 
same ; it has since provided us with another succe, 
more complex as time has gone on, and there is f 
forms. 

We are led, then, to the conclusion that life 
on this planet, now acknowledged to be the 
was an appendix, as it were, to the work c 
carried on in a perfectly different way. Altbou 
ent, still nature is so parsimonious in her m 
a thing in two ways that can be as well done 
no doubt that when these matters come to 1. 
are bound to be considered with the progres 
we shall find a great number of parallels ; but 
with parallels now. 1 wish to refer to a eh 
which I think of some importance in relatio 
before; it is a point which I wish to make 
existence of those elements which make their 
stars. 



nmiovi 
ions 



ins 



appe 



irocesses of inorganic 
;ion. I have already 
;onditions; we found 
ich no one can define 
lie evolution going on 
red from the teni- 
That is a point 
sist upon it. Clearly 
temperature during 
we have found com- 
md certainly by com- 
■nentioned, more com- 
iife on the surface of 
eirlicr chemical forms; 
in the hottest stars 
the earth was coin- 
the work of organic 
]|nust have been done 
le result has been the 
ision of forms getting 
stjill a residuum of early 

in its various forms 
work of evolution, 
f inorganic evolution 
;h the way was uliffer- 
s — she never does 
in one -that I have 
i considered as they 
, of our knowledge, 
I am not concerned 
iniic.il point of view 
i to what has gone 
depending upon the 
arancein the hottest 



etl lod 
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In in organic forms, in those represented 
and the stars of gradually lower tempo 
duced by a method by which complication 
method may proliably he, we shall consider 
these complications the more the early foi 
unless we may take it that they may h; 
to reappear by the destruction of the latei 
bear in mind. If the simpler forms must 
the more advanced forms, then if all the s 
the only chance of getting the simpler for 
thing which had been previously made; 
of course, thai there were many conditions 
at the time when the crust of the earth w. 
ever that may be, the gaseous elements, to, 
elements first formed, would he the chief 
surface and over it. Xow the substances 
would he the gases, hydrogen, oxygen, 
stellar evidence we may suggest carbon C( 
to say, hydrocarbons, carbonic acid, and so t 
the surface be one of land or water, we shoi 
low melting point metals lithium and sodh 
we know existed in the hottest stars long 
calcium, and silicium. Lithium probably ; 
some of the relatively hot stars; the cvid 
and this is rendered more probable beca 
.spectrum-series. Xow these are very 
seem far away from ordinary chemical c 
coincidence that they are the important su 



nitro 



Constituents of Sea-uater. 
Chloride of sodium 

Sulphate of ,, 

,, lime 

,, potash 
Bromide of magnesium... 
Carbonate of lime 

The most easily thinkable organic ev 
stances would be that of organisms built 
chiefly because they would represent th< 
plastic materials ; we should not expect 
begun in iron, but rather in something th< 



: VOLUTIONS. 
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to us ill the hottest stars 
rut ure, we have forms pro- 
s brought about; what this 
later on. Now the more of 
ms must have disappeared, 
ve been made occasionally 
forms ; that is a point to 
jgo on combining to provide 
impler forms are so used tip, 
again is to destroy some- 
1 we can quite understand, 
of this destruction possible 
,s being formed. But how- 
jet her with the non-gaseous 
chemical substances on the 
over the crust, of course, 
ren, and dealing with the 
mbined with them ; that is 
n. On the surface, whether 
id expect, in addition to the 
, those three metals which 
before the rest, magnesium, 
i nd sodium certainly exist iti 
mce also suggests sulphur, 
iso of the simplicity of its 
arkable associations, and 
nusiderations. Is it a mere 
istances in sea water '( 



n :m 



... 10-87 
... i-13 
3(30 
... 2-46 
... 0-21 
0'34 

ilution under these circum- 
ip of these chemical forms, 
more mobile or the more 
organic evolution to have 
most mobile and the most 
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plastic at the ti 
would be those 
I have referred, 
composed were 
would lie used 
certainly to a 
a dead-lock when 
tion of temper, 
among the organ 
but I feel almos 
in mind. Tf wh 
results instead o 
better if a dissol 
induced, progres 
it might be accel 

The new 
user of the eh 
but they would 
dnced by the c 
shoddy chemical 
than none. Uik 
kingdom could g 
of the new organ 
might even be ai 



emiea 



It therefore 
these very early 
Tennyson :— 



* My friend am 
e omi ection to Profe 
who seems to have 
different road. He 
became limited in i 
unlimited, but 
luxury without a 

The general 
so much a question 
might live ; it was a 

The whole ones 
excess of the early 
llence it may turn 
forms, that is 1 , that 
greater rapidity. 
Dilutee, ha Sexua 
the somatic cells 



W. 



1N0KGANIC EVOLUTION'. 



[CHAl'. 



ne. The available matter then for this evolution 
giises plus those metals and those non-metals to which 
Now, supposing such an evolution, if the forms so 

0 be multiplied indefinitely, the available material 
p and organic evolution would be brought just as 

cUad-lock as the inorganic evolution was brought to 
there was no possibility of any considerable reduc- 
afcure. We should expect a tendency to growth 
molecules, 1 dare not call it an inherited tendency, 
inclined to do so, having the growth of crystals 
m these new organic forms had been produced, the 
being stable were emphatically unstable, and still 
ition or the destruction of parts or wholes could be 

1 would always continue to be possible, and indeed 
rated.* 

orgianic molecules would ultimately not have the first 
1 forms left available by the inorganic evolution, 
ijave the user of the gases and other substances pro- 
issolution of their predecessors. They would be 
fornix, it is true, but shoddy forms would be better 
er these circumstances and in this way, the organic 
i on; mother words, the dissolution of parts or wholes 
sms would not merely be an advantage to the race, but 
essential condition for its continuance, 
ooks very much as if we can really go back as far as 
stages of life on our planet to apply those lines of 

" So careful of the type she seems, 
So careless of Ihe siurie lift;." 



colleague, Professor Howes, has called my attention in this 
sor Weismann's views ( Weinmans on. Heredity, toI. i, p. 112), 
arrived at somewhat similar conclusions though by a vastly 
say?, in his Essay on Life and Death, " In my opinion life 
s duration not because it was contrary (o its very nature to be 
se an unlimited persistence of the individual would be a 
e." 

I Imve put forward, however, suggests that perhaps it was net 
yf luxury for the liciug as one of necessity in order that others 
ease of morsjanira vilae. 

turns upon the presence or absence, in all regions, of an 
mieal forms ready to he used up in all necessary proportions. 
nit that the difficulty was much greater for lard, than for sea- 
di.-solutio:i of parts or wholes of laud- forms proceeded vitli 
■■ is a question of the possibility of continuous assimilation (see 
e, p. 11), and the word " parts '' which I have nsed refer? to 
not to the " immortal " pint of living organisms. 



bee hi 



pi rpos 



-t ion 



(he 



It 



atd 
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ch 
ths 



1110 r 



can 



We have arrived, then, at a condition in which 
may be worked up over and over again. In this way 
forms might be produced. Now, if to this dissoluti 
giving ns new material, we add reproduction, then w 
very much further. If we take hi-partition, whi 
method of multiplication, as we know, both in 
animal world, and then obtain a multiplication of 
instead of the inorganic multiplication of forms by c 
we can have a very much increased rate of advance. 

These, then, roughly, are the ideas touching 
which arc suggested by the stellar evidence as to i 
and the collocation of the simplest forms noted in the 

Let us turn finally to the facts. Biologists are 
happy than astronomers and chemists, because they 
A chemist professes to believe in nothing which be 
bottle, although 1 have never yet seen the chemist wh 
enough to bottle an atom or a molecule as such ; 
still remains with them, and they profess to believ 
they cannot see. Now, the organic cell, the unit oi 
itself a congeries of subordinate entities, as a molec 
its elementary atoms, manifesting the properties 
matter in all its forms. 

The characteristic general feature of the vegc 
plant forms is their feeding upon gases and liquid, 
water. The progress of research greatly strengthe 
there was a common life plasm, out of which both 
the animal kingdoms have developed. Be that as il 
that the vegetable grows upon these chemical forms 
referred, and the animal feeds either upon the pla 
animals which have in their turn fed upon plants ; 
get the real chemical structure of the protoplasm, of 
in our organic evolution. 

Here another question arises. Is there any 
between the chemical composition of the organic cell 
layers of the hottest stars — the reversing layer beiili 
star's anatomy by which we define the different genen 

When we study the chemical composition of tin 
consists of one or more forms of a complex 
hydrogen, oxygen, nitrogen, with water, called prt 
plasm, the common basis of vegetable and animal 
posed. This substance is liable to waste and disintcgr; 
and there may be a conci 
of new matter. 



le same material 
Utimately higher 
in, as a means of 
e can go a stage 
was the first 
vegetable and 
iorms by halving 
omplicating, then 



omitant reintegration of it b 
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rganic evolution 
game evolution, 
hottest stars, 
very much more 
see their units. 
Iocs not get in a 
o was ever happy 
the superstition 
in nothing that 
the biologist, is 
.lie is made up of 
mon to living 



cem 



-able activity of 
s, including sea- 
is the view that 
I he vegetable and 
may, it is found 
to which I have 
it or upon other 
so that there we 
the real life unit, 

chemical relation 
md the reversing 
that part of a 



s cell we find it 
compound of carbon, 
tein ; and proto- 
ife, is thus com- 
i ion by oxidation, 
the assimilation 
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The marvellous molecular complex 
may be gathered from the following f< 



.ity of the so-called simple cell 
nulla: for ha'inoslobin :— ~ 



Man 
EI 01*5 e 



ii 

Ccoo T'.UXI^M^FOiSsOi;;). 



Mr 



print ip 



Various different percentage coiiq 
protoplasm, hut I need not do more 
important to consider the other cliem 
it, for there arc others besides which il 
stellar point of view. I quote from 

" Proteids ordinarily leave on igi 
In the ease of egg-albumin the 
chlorides of sodium and potassium, th 
amount. The remainder consists of so 
tion with phosphoric, sulphuric, and 
quantities of c"li , itt.v>, iiutyue.rttihi, and 
acids. There may be also a trace of s 

Have we here more coincidences 1 < 
into the chemistry of these things the 
our stellar point of view, and to the fsf: 
chemical form as determined by th< 
ehemical substances in the hottest star 
and in relation to the "series" of 
come to the conclusion that the first 
somehow or other between the nn 
Not only have wc hydrogen, oxygen 
common to the organic cell and the he 
in addition which I have indicated by 

Is it possible that we have here a 
the stars ? 

There is still another point regf 
of the two evolutions, inorganic and 



ositions have been given of tin's 
than refer to them. It is more 
cal substances which go to form 
is of interest to study from our 
. Sheridan Lea.t 
tion a variable quantity of ash. 
■al constituents of the ash are 
latter exceeding the former in 
Hum and potassium, in conibina- 
carbonic acids, and very small 
iron, in union with the same 



organic evolution in regard to inorganic 
I do not wish to call too much 
it is entirely hypothetical ; but it h c 
ciples, so that it shall go as little 
drawing a line at the bottom, to rep. 
certain temperature values are indic'i 
diagram. Then wc have the assum 
amount of heat in an equal period 
at the bottom we have relative times 



* Terirortt, p. 10+. 
t The Chemical Bases of the 



[CHAP. 



iUcu." 

r is it that the more one inquires 
more we are brought back to 
rt that, taking the simplicity of 
appearance of these different 
• as opposed to the cooler ones, 
spectra which they produce, we 
organic life was an interaction 
bted earliest chemical forms ? 
and nitrogen among the gases 
ttest stars, but those substances 
talics. 

qjnite new bond between man and 



ard ing 



do ul 



g this question of the relation 
drganic. I refer to the place of 
evolution in the scale of time, 
attention to this diagram, because 
onstrncted on the simplest prin- 
rrong as may be. I begin by 
csent the zero of temperature ; 
itrfd on the left-hand side of the 
p:ion that a !-tar loses an equal 
of time. In that way, then, 
at the side we have tempera- 



A.nima.1 Sotit/, p. 5. 
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tures, in eeutigrade degrees. Water 
ture above absolute zero, and boils ;it a 
marked on our temperature scale. The. 
about half way between the boiling poii 



reezes at a certain tempera- 
certain other point ; these are 
1 we have to remember that 
t anil the freezing'point, all 



3000O' 



23 000* 



ARCONIAN 
ALNSTAMIAN 
ACHERNIAW 
ALCOLlAfj 



20000 



MARKABIAM 



10000 



6000 



fit 
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$ IRIAN 

PROCYONIAM 
ARCTURIAN 



Fig. 44. — Diagram snowing that organic evoli 
line representing the lime and t 
gallic evolution. 



the organic life with which we are fanii 
geological evidence and our own experie 
temperature of somewhere about, let us s. 
then, we get the limit of 



organic life 



, PISClAM 

I 05 M.* I HID. MELT 
! IRON MELTS 



VOTE* SOILS 1 
ICE UELTs 1 



IORC.EVOL 



tion occupies oiilj - a point in < lie 
jpuniture range required hj inor- 



iar o;i this planet, from the 
flic;:, must] have gone on at a 
ty, from 50 to 40 G. There, 
in relation to the possible 
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c 
m 



tat 



inorganic iife represented 
stars. 

AYe know from laboratcry 
perature are about the 
are, which is about 3,500° 
It has also been stated by 
the sun, measured by sever 
8,000' and 9,000" C, so 
course we have no meant 
hotter stars, so 1 have v 
that possibly we get about 
those stars as we have fot|ind 
stars from experiments on 
thing like 5,000° C. We h 
of temperature for each c 
brought together in Chap 
the diagram of something 
to draw a diagonal Hue oi 
considered. On this the 
thing which has taken place 
of our planet from the pre- 
by a small dot. 

It looks, therefore, very 
analysis, may probably be 
deal with a multitude of 
with which all the ehana 



invisible on a diagram of 
some help in determining t 
indicated, the wonderful 
in the organic cell and th 
the greatest amount of 
the surface of the cooling 
of organic evolution itself. 



In this way, then, we 



thought, which has to do 



to the Sun's Place in Xature 
that the more different 
react on each other, the 
unon the mind. 



in 



[CHAt*. XXII. 



by the various chemical changes in the 



results that the stars of lowest tcm- 
s|ame temperature as that of the electric 
and so we put the Piscian stars there, 
r. Wilson lately, that the temperature of 
U physical methods, is something between 
we put there the Arcturian stars. Of 
of determining the temperatures of the 
entured to make a very modest supposition 
lalf the difference of temperature between 
between the Piscian and the Arcturian 
earth. That will give us, roughlv, some- 
d, then, that if we assume equal increments 
the different genera of stars that I have 
VII, we get a temperature at the top of 
Ifke 2^,000" C. All we have to do, then, is 
which to mark the various temperatures 
iinic evolution, which represents every- 
with regard to living forms on the surface 
Laurentian times to our own, is represented 



tie 



tf >r 



or£ 



of 



nuch as if these recent results of spectrum 
greater value in the future, because they 
changes and a period of time compared 
s discussed by the geologists are almost 
his size. Not only shall we have probably 
lis scale, but I think that, as 1 have already 
similarity between the substances contained 
)se which would most likely be free when 
chemical combination had taken place on 
world, will throw some light on the basis 



have really been only continuing a train of 
with Man's Flace in Xature, in relation 
; and finding fresh grounds for thinking 
branches of science are studied and allowed to 
ore the oneness of Xature impresses itself 
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icis 



one 
nb 



sufficiei itly 
conpl 



I1M 



Is the study of the f; 
stellar spectra, there is 
quired into. In tho pr 
now to face, it is 
timiously increasing 
evolution the biologist h 
a like increase of compi 
So far the processes 
have only been referred 
gain a more detailed i 
plexity has been arrived 
tion to chemical theory. 

If we a.ik the questi 
the case of known chem: 
by analysis. Chloride 
formed l>y the combinat 
to deal with the format) 
such easy solution of 

If in order to investi 
by compound bodies as 
the elements themselvc 
forms. 

But, as a matter o 
not the only one known 
centage composition w 
series of hydrocarbons i 
or greater complexes, 
that these higher 
similar lower complexes 
We are then faniilji 
which we may repres 
nation^, producing a foi 
This, then, is the pi 
of these methods have 
we are justified in 



s of inorganic evolution presented to us by 
point of paramount importance to he in - 
nems of inorganic evolution which we have 
obvious that we have to deal with a con- 
exity of forms, precisely as in organic 
is had to deal, and has dealt successfully with, 
exity of organic forms, 
by which complexity has been brought about 
to generally ; it is time now to endeavour to 
ht into the methods by which inorganic com- 
at. 1. will discuss this question first in rela- 



ths 



core pi 



CO) IS) 



rganic evolution from a chemical 
Standpoint. 



>n How has complexity been brought about in 
cal compound bodies ? an easy answer is given 
of sodium, for instance, is thus found to be 
.011 of chlorine and sodium. But when we wish 
m of the so-called " elements " themselves, no 

question is open to us. 
e;ate the problem we take the analogy furnished 
)ur guide, we should say that the molecules of 
; were produced by the combination of unlike 

fact, this method of producing complexity is 
to chemists. There are bodies of the same per- 
hich differ in molecular weight; the methane 
i a case in point ; the higher molecular weights, 
re produced by additions of the unit CHj, so 
exes are produced by the combination of 
This process is termed polymerisation, 
iiir with two methods of increasing complexity, 
by u + a (polymerisation) and ,' + '/ (conihi- 
m A. 

oblcm from the purely chemical side. On which 
he elements themselves been formed, now that 
iclering them as conipinuid bodies 1 1 suppose 



eut 
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lissociation 
merisation ; 
(a) weighed 

.'!■ 

al point of 



tint chemists when hypothetically considering the possible 
of thfi chemical elements would favour the view of depoly 
that is, the breaking up of a substance A into finer forms 
by A "2 {or A 3), rather than a simplification of A into x an:l 

The method of attacking this problem from the chemit 
view in ths first instance, must be a somewhat indirect one. 

The Stars ami the Periodic Lav:. 

In Chap. XXI I referred to the important hypothesis )ut forward 
by Newlands, Mendeleef and others in relation to the so-calb d " periodic 
law," which law indicates that certain chemical characteristics of the 
elements are related to their atomic weights. 

It will be well now to study this question with a view of discussing 
it more fully in the light of all the facts known to us, among which 
the stellar evidence and that afforded by the study of leries are, I 
think, of especial important-;: ; sin?e it nny be said that we arc now 
absolutely justified in holding the view that of the lines which make 
their appearance in ihe spectra of chemical substances wr. en exposed 
to relatively high temperatures, a varying proportion is produced b// 
the cundiftif'nt* of the substance, whether it be a compoui d like the 
chloride of magnesium, to take an instance, or of magnesiuri itself. 

Now the periodic law based upon atomic weights deals with each 
"element' 1 as it exists at a temperature at which the rhemist can 
handle it: that is, if it be a question, say of magnesium, the chloride or 
some other compound of the metal must have been broken up, and 
the chlorine entirely got rid of before the pure magnesium is there to 
handle, and of this pure magnesium the atomic weight is found, and, 
having also regard to its chemical characteristics, its position in the 
periodic system determined. 

But if the magnesium be itself compound, the position tins assigned 
fov the element is certain not to tally with the stellar evi lence if the 
temperature of the star from which information relating to i : is obtained 
is high enough to continue the work of dissociation ; that is, to break 
up magnesium itself into its constituents as certainly as the chloride of 
magnesium was broken up in the laboratory in the first inst mce. 

It is now known that dealing with this very substance magnesium, 
high electric tension brings us iu presence of a spectrum which con- 
sists of at least two sets of lines, numerous ones seen also at the 
temperature of the are, and a very restricted number whicr. make their 
appearance in the spark. 

If this be the work of dissociation — and, as I have shown, the 
proofs are overwhelming — -the "atomic weight" of the particle, mole 
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llcilll O 



cnle or mass, call it w 
of line;— the enhanced 
by the breaking up of 

And no«' comes ' 
Seeing that the smaller 
lieen if / is'ilated, their ' 
hav nut been dctermiif 
ran not ■ iralicrded as it 

ilv contention, 
parent discrepancies- - 
evidence and the 

The magnesium, 
studies at relatively 1 
40 respectively, and 
the periodic law if ma 
(23), and calcium (40) 
should make its appea 
weight than itself. 

But, and again for 
magnesium and ca 
the high temperature 
lief ore known lines 
weight of 16. 

How are these resr 
nation is that the subs 
nesium and calcium ; 
weights (smaller mas 

Let us next, then, 
Assuming A 2, the? 
12 ; of proto- calcium 
has taken place. If w 
as the "atomic" we,i 
calcium which make 

In this way we can 
magnesium and ealciut 
meri c ations, and the 
would he the same : — 

H« 
Pro 
Pro 
Oxi 

So much, then, for 
considered is, is depoly 



■hit we will, which produces the restricted number 
lines — must he less than that of the magnesium 
which it is brought into a separate existence, 
he chief point in relation to the pei iodic law. 
utansen which produce the enhanced tines here iu>t 
'(domic" weight* am! their chemical chi'rarterUtirs 
d, awl ao of coarse their places in the pn'wJic toblr 
at present e,cist*. 
therefore, is ihut some, at all events, of the ap- 
or there are discrepancies between the stellar 
pei iodic" hypothesis arise from this cause. 

d I will now add calcium, which the chemist 
r temperatures have atomic weights of 24 and 
e stellar evidence would be in harmony with 
jnesium ('24) made its appearance after sodium 
after chlorine (39), and generally each substance 
■ance after all other substances of lower atomic 



a nr 
ow 
the 



in 



sse s 



a to: ni 



the 



the sake of simplicity I shall confine myself to 
for the moment, in the stars we find lines in 
pectrum of magnesium and calcium appearing 
the spectrum of oxygen which has an atomic 



Its to be reconciled 1 I suggest that the expla- 
:ances revealed by the enhanced lines of mag- 
d noted in the hottest stars have lower atomic 
s) than the oxygen of the periodic table, 
see what these atomic weights may possibly be. 
ic weight of proto-magnesium would be 24 2 =■ 

0 2 = 20, supposing only one depolymerisation 
; assume twodepolymerisations, we get 6 and 10 
;hts of the simpler forms of magnesium and 

iv appearance in the hottest stars, 
explain the appearance of those finer forms of 

1 before oxygen, with a small number of depoly- 
tellar record of the order of atomic weights 



rogea 

o-caleium . . 
o-maanerium 



1 
10 
1-2. 

1G 



a possible reconciliation. The next point to be 
merisation en such a small scale sufficient ". 
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To do this we have to see the basis of the 
10, and consider the series question in r 
necessitates a reference back to Chapter X, in 
the simplest case presented in series phen 
us by sodium and other elements which run 
spectral changes at a low temperature. 
spc:-trum stage wo have three "series," out 
ordinate (first and second). The former co 
constantly seen at all temperatures, the first 
the second subordinate the green line, repres 
lines which are best seen both in the flame a 

The two subordinate series of sodium 
elements so far examined, have the peculiaii 
the same wave-length, while the end of the 
a different, sometimes widely different, wave 
stone of the highest importance, as we s 
solidarity of the two subordinate scries, am 
them and the principal series. 

Although the original idea was that all 
by the vibrations of the same molecule, 
phenomena alone are pimply and sufficient 1 1 
that we have three different masses vihratin 
producing the subordinate series, can be brol 
producing the principal series cannot. The 
red and green lines seen best at the lower 
alone, and it is a matter of common exper 
representing the principal series is genera 
abolished at high temperature as the others; 
vibrations of which give ns the yellow lines, 
ing up of more complex forms at a low sU 
be destroyed by the means at our command, i 
tive of the element sodium. Because the 
which produce the two subordinate series r 
green lines, are easily destroyed by heat, 
scarcely ever at high temperatures when 
as I pointed out years ago, " the more there 
time is required to run through the serie 



el ation 



atomic weight of oxygen 
to oxygen. This 
which I pointed out that 
ena is that placed before 
through all their known 
Dealing with the line 
principal and two sub- 
i tains the orange line I), 
subordinate the red line, 
entatives of two series of 
d are. 

like those of all other 
that they end at nearly 
principal series occurs at 
length. This is a touch- 
hall see ; it points to a 
I to a difference between 



thri 



oh 3 



stages are seen. 

This view is greatly strengthened by coijside 
which, if we accept Pickering's and Kydbei 
three series, one principal and two suhordinat 
I refer to hydrogen. The facts concerning 

Till a short time ago we only knew of 



[t'HAl*. 



:ee series were produced 
crvations of the sodium 

■ explained by supposing 
y, and that two of them, 
.en up by heat, while that 
series represented by the 

temperatures have been seen 
ence that the yellow line 
ly seen alone ; it is not 

■ '0. Because the mass, the 
is produced by the break - 
.ge of heal, and it cannot 
; is the common representa- 
masses, the vibrations of 

'^presented by the red and 
are more rarely seen ; 
quantity is small, since, 
is to dissociate, the moic 
, and the better the first 



th 2V 

the 



ring another substance 
:'s results, has like sodium, 
in qrute orthodox fashion, 
vhich aie given on p. 95. 
one "series'' of hydrogen, 



(S 
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FROM 



and on this ground Ryu her 
til sitter known, regarding 
series as more complex, 
pressed above. 

Tf we accept the 
identical with sodium it 
mendoiis difference. Ii 
Iiunsen is sufficient — see 
even the Spot tis wo ode e 
subordinate series. At 
principal series are visi 
believing to be hotter 
coil. 

The argument for th 
■ hieing the three dili'eren|t 
is therefore greatly stre 

I shall therefore ass 
more complicated phenc 

Oxygen, instead of 
point such as sodium, s 
been divided by Rims 
each set possessing one 

There is evidently a 
series of hydrogen to 
similar to that obtained 

Defore we go furthe 
simplifications. Let us 



suggestions, we must regard hydrogen as 
its series conditions. But there is this ti*e- 
sodiuin we easily at low temperatures — the 
all three series, while in the case of hydrogen 
vil can show us nothing more than one of the 
the same time, the other subordinate and the 
l»Ie in stars which we have many reasons for 
:han the spark produced by the Jipottiswoode 



an 



and hydrogen in the fir 
ing table : — 



Sodium. 



' Principal 
Subordinate 



Line stage 



i 



Subordinate 



Flulings 
Continuous 



••{ 



We may now bring 
first from Egeroff that 
is so molecularly c 
the red part of the sp 



A CHEMICAL STANDPOINT. 



■g assumed it to represent the finest form of 
the other substances which give three normal 
This idea is in havmonv with the view ex- 



existence of at least three different masses pro 
series, derived from the sodium observations, 
igthened by what we now know of hydrogen, 
line it in what follows, which has reference to 
mena. 

laving three series like metals of low melting 
d the gas hydrogen, has six. These six have 
e and i';isehen into two normal sets of three, 
■>rincipal and two subordinate series, 
new problem before us ; we renuire to add the 
;he series of sodium to get a " series result 
from oxygen. 

■ it will be well to consider the possible order ot 
take the simplest ease represented by sodium 
t instance. The facts are shown in the follow- 



High temperature. 

Ryd rogen . 

{Principal 1 Celestial 
Subordinate J eas. 
Subordinate ^ 



Celestial 
and ter- 
restrial 
vapour. 

Terres- 
trial 
var.our. 

Solid and 



, Terrestrial 
Structure spectrum ..J- 

CoiltiiiUOUS , . . . J 



liquid. 

Low temperature. 



these results to bear upon oxygen. \\ e learned 
this gas at ordinary temperature and pressure 
onstjtuted that it produces a fluted absorption in 
ctrum. On account of the constancy of the 

,N 2 
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results obtained by c 
molecules, the fluting 
cnle.5 of one complexit 
If we subject it tjo 
the action of such a 
normal sets of three 
impossible to consider 
in the ease of sodiun 
chemical view* that t 
up into two, until fir 



icmists ire cannot lie dealing with a mixture of 
al sorption therefore must be produced by inole- 
y having an " atomic weight " of 16. 

an induced current at low pressure (at which 
hutch t is feeblest), it at once breaks up into two 
series, that is six series altogether; it is almost 
■ this state of things in the light of what happens 
and hydrogen without assuming on the ordinary 
le " molecule " with the fluted spectrum is broken 
illv we Ket— 



Line speetiu 11 



Rut if we accept 
viiles of the subordinate 
be identical, because 

If we hold to depal 



and we get six depo! 

The number of 1 
trum of oxygen at 
referred to contain u 
strong induced cur 
guish these six series 
containing a still gre 
Only one line is 
About the scries coin 
profoundly ignorant 



re it 



com non 



IXOKCAX1L EVOLUTION". 



[('HAP. 



High temperature. 
Set A. 
f Principal scries. 

I I 

, . -| Subordinate. 

I 

(^Subordinate. 



S::t E. 
Principal scries. 

Subordinate. 

I 

Subordinate. 



Fluted ipectrum. 
Low temperature. 

this, we give up depo lymerisat ion, for the mole- 
series of sets A and B thus produced cannot 
their spectra are not identical, 
vmerisation we must arrange matters thus — 



f Principal. 
I I 

bet B or A . . «j Subordinate. 

I. I 

^.Subordinate. 

['Principal, 
I I 

Set A or E .. <, Subordinate. 

^Subordinate. 
Fluted spectrum. 

rmeri sat ions. 

nes measured by blunge and l'aschen in the spec- 
low temperature was 76 ; of these the six series 
>, leaving 20 residual lines. Xow if we employ a 
at atmospheric pressure, we practically extin- 
of lines and produce a new spectrum altogether, 
iter number of lines: 114, according to Xeovius. 
to his table and that of linnge and Pascheu. 
diuoning of these new lines we are at present 



©2010 Forgotten Books 



www. forgottenb o oks . org 



XXI J I.] 



FROM \ 



Let us take the simp] 
continuity, and suppose th 
the breaking up of the mol 



(St 



the previous table into re 
fis we know it, is broken 
temperatures. 

Have we, on the line i 
estimating the number of .'i 
the 113 new lines ? 

One possible way — a 
the number of lines alrear 
A 7000 and X2GQ0 of the 
*c:iei — lithium, sodium, 
find that the number of liu 
as follows : — 



tcourssin harmony with the principle of 
■t the great number of new lines is due to 
lilies of the uppsr principal series given in 
ipicsentativesof a still finer form, as hydrogen, 
into a 



up 



f reasoning wc are pursuing, any means of 
Jnei' forms which may he at work to produce 

statistical way — seems open to us. Taking 
y recorded in the spectra roughly between 
following substances, which give us three 
potassium, helium, asterinm, hydrogen — we 
:s in each series ami the total numbers arc 



t'rineipiil series 
I'irsfc subordinate 
Second subordinate 



Totals 



This indicates that in 
513 



which give us 56 lines fo 
almost exactly four additi 
possibility of twelve more 
tication is considered. 

Of course we can halve 
ing that the fluting moleeul 
up into y, and ij, the bases o 

Now it is this last cror. 
the hottest stars, and no 
simplification which may in 



one 



before they were brought i 
Our base of 16 then vai 
possible atomic weights of 
precede the appearance of 
therefore assume further 
beyond those considered in 
I now come to another 
bear upon hydrogen with 
we know nothing speetroscc 



CHEMICAL STANDPOINT. 



mi 



finer form at the highest stellar 



Masi mi™ 


Alimwum 


Averj ge 


number. 


number. 


i] umber. 


10 Asl. 


1 11 


7 


17 Ha 


6 .Na 


y 


12 lie 


4 Li 


8 


3<J 


11 


21 



oxygen we are slightly above the average 



with _ = line 1 ; per so:. If wc take the facts for oxygen itself, 



: two sets of three, the 113 lines will give 
al sets of three series, and therefore the 
"lepolymerisations if this method of simpli- 



10 na 



Jie number of depolynieiisations by assum- 
instead of being depolymei ised is broken 
the two systems of series, 
of new lines alone which is represented in 
, I think, will now urge that some kind of 
:lude depolymerisation has not taken place 
nto evidence. 

ishes, and with it the previously considered 



.he forms of magnesium and calcium which 



de pol 



oxygen in the hottest stars. "We must 
ytnei'isations in the case of these metals 
;he first instance. 

point. How do the above considerations 
ts atomic weight of H Of this hydrogen 
pically. There is evidence that it is broken 
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INOliGANIC EVOLUTION 



up into something which gives the complicated ? 
with hundreds of lines not yet sorted into series, a 
scries seen in our laboratories and in the cooler star 
two other forms we cannot get here. 

Let ns apply the statistical method we employ 
oxygen. 

Tn the region included in these inquiries the mi 
linei in the three series referred to is 17. Hasselb 
454 lines in the structure spectrum between AA642 
this spectrum is built up of series similar to thos 
highest temperatures, we must have more (seeing 

work was limited) than .~_ =■ ± i>7 series or 9 sets 

then altogether with 12 depolymerisations. 

But to he on the safe side, let us assume G on the 
lines in the series may be more numerous, and thp 
berg's lines may be due to flirtings. It will be cleai 
or "atomic weights" we arrive at must be very sir 
story : — 



[CHAP. 

structure spectrum 
ain into the one 
i, still again into 

<:d in the case of 



ber of hydrogen 
;rg has measured 
flnd 441. Now if 
i observed at the 
that ilasselberg's 

or 3 e:ich. We deal 



Spectrum. 
Line s pact rant 



j Celestial 
[ Terrestrial 



Fluted spectrum .- -] 



Continuous spectrum 



Wlierc esislent. Series, &c. 

{Principal 
Subordiimt .- 
Subordinale 
[" Principal 

< Subordinate 
[ Subordinate 
f Principal 

< Subordinate 
[ Subordinate 
f Hydrogen weigl 
L i" the cold 



f act b 

I Terrestrial 



Set A 
^Terrestrial 



Such a conclusion as this, and therefore the r 
led up to it, must stand or fall according as science k 
such masses. 

I shall show subsequently that, thanks to the 
Prof. J. J. Thomson, science is beginning to know a 
masses, and the result of this work may therefore fa' 
polymerisation is a rem ran*", for molecular complcxil 
the cases of elements of low atomic weight ; if we a 
chemical view. 

Let us then consider the ease of those elements 
of which is greater. In the first stages of evolution 
with substances of relatively low atomic weight, t' 
supplies ns with definite landmarks, and these arc di 
spectra of the hottest stars are not overcrowded wit 
have passed the gaseous and proto-metallic stages 



ground that the 
t some of Hassel- 

that the masses 
all. Here is the 

ilass. 

. . o-ooii* 

. . 0-0030 

. . 0-'X)7S 

.. O-OIoG 

.. 0 0312 

. . QVG2o 

.. 0125 

. . 0-25 

.. 0-5 
ed 



eisouing which has 



uows anything of 

investigations of 
;reat deal of such 
our the view that 
y, at all events in 
:cept the ordinary 

ihe atomic weight 
in which we deal 
le stellar evidence 
(finite because the 
i lines. After wc 
however, we find 
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FROM A CHKMICAI, STAND .'(PINT. 



the spectra full of lines which we see at the 
and metals of relatively high atomic weight 
involved; the exact .sequences are natural! v 
and therefore the method of evolution may 

Kavser and Rnngc have shown that the 
found influence on the "series" conditions, 
melting points, such as barium and gold, 
There is generally such a flood of lines that 
sible to disentangle them ; we have the " 
hydrogen repeated in these metals at arc ten 
" are spectrum." 



temperature of the arc, 
and melting point are 
more difficult to follow, 
esifape us. 

melting point has a p:o- 
Those with the highest 
present us with no series, 
it has been so far impos- 
structure spectrum " of 
.peratures in the so-called 



ato 



re I 



1 have already said that I think most 
that the formation of larger masses by polym 
than by the coming together of dissimilar 
chemical compounds, certainly the analogy 
latter view if the principle of continuity be t 
are ignorant of the point at which one evolu 
favour of another. The present separation 
bodies is, indeed, simply a measure of our u 
feebleness of our laboratory resources in 
required to produce more and more simplinc 

I discussed the question in my L'hmn 
and showed that the analogy of the compl 
series beginning with CIX> suggested a 
sequence. 

a h, separate. 
a + b, combined. 
a + (b + b), written bj ell 

« + <*!> W 

and so on. 

In the concrete hydrocarbon series we 
of CH; to CII4 until we reach a molecule 
the building up of this molecidc can be tn: 
we can imagine it simplified by successive 
CII.1 ; we pass from a simplification which 
simple halving to one which provides us 
small masses. 



SI' 



chemists would consider 
;risation is more probable 
ms ; but if we consider 
is all in favour of the 
alien into account, for we 
ionary process resigns in 
]f compound from simple 
norance arising from the 
ation to the temperature 
a|tions. 
itnj of the Sun in 
stely studied hydrocarbon 
hypothetical elemental 



gmists ah*. 



iiave continuous additions 
defined by Cn;H a! , and as 
ed without difficulty, so 
ahlintj* of its constituent 
we can bring about by 
ith relatively large and 



ic 
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Chai'. XXIV. — Inorganic Evolution from a Physical .Stand- 
point. 



:tgi 



tr j 



The next question which arises is whether there is any way op 
us of getting still more light on this matter beyond that furnish 
orthodox chemistry. 

With the progress of science the idea of "atoms" has consiile 
changed. 

Formerly they were regarded as merely chemically different 
element to element; the recent investigations have introduced a 
conception. It is now no longer chemically different matter m 
but matter, whether chemically different or not, cttrrijintj an •■ 
r/i'inje. In the first work along this new line, physicists, in ord 
grapple with the phenomena of electrolysis and solutions, ima 
sub-molecules or sub-atoms carrying an electric charge in an elec 
from the anode to the cathode; this was called an ion ((Jr. a £ 
This conception has been more recently used to explain those i 
ments of particles of matter which produce light, and therefore sjk 
lines. The sub-particle, this ion, with its electric charge e am 
mass m, is supposed to move in an elliptic orbit under the attra 
of a centre. At first the theory supposed the ions to be electrifie< 
tides, but a recent extension considers them to be complex dyn: 
systems, the motions of which are registered by spectral phenoin 

It will be gathered from what I have already said relating t 
various questions connected with the study of "series" of s 
lines how the idea of "complex dynamical systems" is also 
to explain the phenomena presented by them. 

Thus T have shown it to be probable that the hydrogen atom \i 
the chemist weighs may be built up of hundreds of the things 
them what you will, a few of which in the hottest stars product 
vibrations which we take as demonstrating the existence of hyd 
in the celestial spaces. 

Both these lines of modern evidence tend to justify the view 
the difl'erent spectra are not produced by different material, bu 
different conditionings of the same material. 

These different conditionings may refer either to the electric ch 
or to the mass of the ion, or of the molecule round which the ior 
cnlates. The units of matter present in the ion or in the 
molecule may vary in number, or their arrangement may vary. 
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ances 



it 

tie 
the 



Imagine a series of suhsu 
difference of which, from A tin 
consists merely of their being 
When Z is simplified by heat 
and ion with their electric chai 
expect to result in the form* 
built on a like pattern, and 
hence we are bound to see 
forms which, when they are &t 
well be that physicists have i 
1! or C, or K or 8, or X or 
plexities. 

The more complex the for 
temperature employed in iht 
indicating different chemical 
we see. 

I say in the laboratory, 
ferent. There, in consequence 
and the shielding of the revers 
perature, we may only see at 
the forms A and near A. \Ye 

To take another ease ; let 
arrangement, as well as the 
Under these conditions, when \ 
of possible intermediate form? 
evidence. Say, to take an exi 
Mendeleef's tabic ; and I am 
ICayser has shown that in "s 
is associated with the position 
columns. A concrete case wi 
haviour of sodium and 
complex substances. We 
caesium is dissociated ; we shou 
when sodium is dissociated. 

The two cases taken it is 
between related and not rela 

The apparently constant a 
spectrum ot one substance of a 
the same group may be thus e> 
attributed to the presence of 
long lines seen in spectra; and 
purest specimens known (I hav 
had never been touched) were . 



senes 



ca?smm 



mij;ht 



ted 



i'SIC.U. ^TAXDI'OIXT. 



1 .s."> 



s ''chemically" different, the intrinsic 
simplest to Z the most complex, really 
built up of different mtmb?i:t »/ units, 
its complex system of centre of force 
^es will undergo changes which we may 
ion of less complex systems doubtless 
refore capable of producing spectra; 
spectra of some of the intermediate 
ible and go about in company, it may 
.lready recognised. These we may call 
V, as representatives of various com- 

m experimented on and the higher the 
laboratory, the more spectral lines 
elements" in intermediate stages may 

because in the stars the result will be dif- 
of the long continued action of heat 
ng layer from the effects of lower tem- 
;he highest temperature the spectra of 
now know what these are. 
us assume that the electric charges or 
nuibber of the units of matter, may vary. 
,-c dissociate Z, not all, hut only some, 
may be expected to afford spectral 
mple, those in the vertical columns of 
led to make tins suggestion, because 
" the duplicity or triplicity of lines 
.if the elements producing them in these 
< uld be afforded by contrasting the he- 
, representing relatively simple and 
observe the lines of sodium when 
il not expect to sec the lines of cesium 



1'P 



possible may illustrate the difference 
groups of " elements." 
jcarance of representative line- of the 
group in that of the other members of 
plained, although it has generally been 
impurities, as in the case of all common 
this in spite of the protest that if the 
3 worked on beads of Stag' silver which 
:o impure, some of the decimals used to 
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express their ; 
question of ; 

It is possil 
exist in the he 
heavy metals r 
cooler stars on 

The giving 
is employed i; 
them to be 
during their r 
explanation, fo 
see why somet 
the modern c 
these facts cxp 

It is too 



es] ie 



charge in this 
the ions, liowe 
always to hav 
action of it v 
served when 
vases, and 
Doubtless we 
supply us with 
that with the 
rise to no spe 
sodium, heat 
quent applicat 
We have, i 
substances vine 
stars carry us 
of spectral ch; 
ing a fheildiiir/ 
temperatures, 
material may t 
remembered is 
moleetile or t 
simplification t 



tomic weight might be well spared, 
apparent imparities only. 

le that some of the gases of lower atomic weight which 
ttest stars may be represented by A in opposition to 
^presented by Z, the existence of which is known in the 
y. 

oil' of gases from metals when high tension electricity 
well known. This has been explained by assuming 
:'nace gases," that is gases "occluded" by the metals 
aduetion. But this does not seem to be a sufficient 
[■ the same gases are given off by meteorites. We now 
ling like this may happen if there is any foundation for 
ception of the structure of the "atom"; and do not 
ain the chemistry of the hottest stars 1 
rly yet to attempt to discuss the effects of the eleetrie 
xmiiection, but it must be pointed out that so soon as 
•er associated their units may be, which are supposed 
3 an electric charge upon them, are subjected to the 
oltaic or induced current, the spectral phenomena ob- 
they are heated are liable to great changes in some 



fui 



01 



eai 



Quite reee i 
lines has 

It has nov 



1.V01H.1AXK' EVOLUTION. 



[CHAl'. 

But it is not a 



jeially when high atomic weights are in question. 



have here a held of research which will ultimately 
the most precious knowledge. T have already shown 
gases, such as hydrogen and oxygen, heat alone gives 
:tral phenomena, while in the ease of such metals as 
s so effective in its dissociating power that the subse- 
on of electricity produces no further change, 
i fact, to consider that the effects produced on different 
er the same conditions may be different, and that the 
urther than our laboratories ; that is, there are stages 
ge within and beyond our experimental powers reveal- 
of ions or some rearrangement of material at different 
Of course it is possible that the rearrangement of 
ake place in the central muleenle itself; the point to be 
, that whatever may happen, whether in the central 
>o ion, a higher temperature will be associated with a 
f the total mechanism. 



ai 



lh: I 'redo it's L'wiirtiic*. 



tly the study of magnetic perturbations of spectral 
brought a fresh array of evidence on this question. 

been proved that spectral phenomena are different 



©2010 Forgotten Books 



www. forgottenb ooks.org 



XXIV.] 
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when the light source umler examinatio 
a strong magnetic field which, among 
sional movement of the orbits of the 
referred. 

In order to consider the hearing 
spectrum of zinc which contains triple 
denoting these in ascending order of ref 



a is subjected to the action of 
other things, causes a preecs- 
ions to which I have already 



ef 



Bj, Co, ttc, the lines A], Aj, &c, shov 
character, and have the same value- of cj 
and C], Co, C3, >vc, form other series, and 
the quantity e m in each case. 

Dr. Preston, one of the most success 
states :— 

" The value of e m for the A series 
the B series, or the C series, and this fos 
of zinc is built up of ions which differ fi 
the quantity e hi, that each of these difl'e 
ducing a certain series of lines in the spc 

I'ut this is by no means all that is to 
researches. lie writes — ■ 

"'When we examine the spectrum of 
that is, when we examine the spectra 
chemical group — we find that not only 
not only do the lines group themselves 
in addition that the corresponding linen 
similarly affected by the magnetic tield. 
character of the magnetic effect the sn 
of the different metals of the same ch 
magnitude of the resolution, as measnr 
same for the corresponding series of 
TIih is illustrated in the following table, 
least to suspect, that the ion which prod 
in the spectrum of zinc is the same as 
s ponding series A,, A-j, As, Arc, in cai 
corresponding sets in the other metals 
other words, we are led to suspect tha 
plex composed of an association of differ 
those substances which He in the sanu 
built np from the same kind of ions, 
possess the same e m, and that the di 
materials thus constituted arise more f] 
of the ions in the atom than from ditieienc 
racter of the iotis which build up the atnn 



1 s7 



this, let us deal with the 
s. It has been shown that 
raugibility by A,, B], Ci, A-,, 



the same magnetic effect in 
n. The lines B b Bj, Bj, &c, 
possess a common value for 

ul workers in this new field, 

differs from that possessed by 
,ds us to infer that the atom 
om each other in the value of 
'crent ions is effective in pio- 
■trum of the metal." 
be learned from Dr. Preston's 

cadmium or of magnesium — ■ 
:>f other metals of the same 
are the spectra homologous, 
in similar groups, but we find 
of the different spectra are 
And further, not only is the 
for the corresponding lines 
eniical group, but the actual 
by the quantity f hi, is the 
lines in the different spectra, 
and leads us to believe, or at 
.tees the lines A). A_>, A-, Arc, 
hat which produces the curre- 
mium, and the same for the 
of this chemical group. In 
., tiot only is the atom a corn- 
ion?, but that the atoms of 
chemical group are perhaps 
or at least from ions which 
Terences which exist in the 
the maimer of association 
es in the fundamental cha- 



11 lie 



ed 



r< nt 



0 m 
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Magnetic effect. 



Cadmium . . . . A = 

Zinc . . . . , . A = 

.Magnesium .. .. A = 
lVccessional spin 



Nonets 
or cowplpx 
triplets. 



5C8G 
4811 
5184 
e m = 55 



Sextet?. 



-1SOO 
4722 
5173 
ejiu = 87 



Triple Is. 



-167 S 
4G8( 
51G 
elm = 



100 



l This table shows tlie effect for the three Hues which form the first 
triplet in ihe spectrum of cadmium compared wilh the corresponding lines 
spectrum of zinc and magnesium. It will be seen that the corresponding 1 
the different spectra suffer the same magnetic effect both in character and 
tude. Thus the corresponding lines 1S0O, 1722, 5173 five each resolvei 
sextets, and the rate at winch the ionic orbit, is caused to preeess is the sa 
each {denoted by el in — S7 i" the I able). Similarly for the other currespi 
lines.] 



nit 



Liral 
in the 
lies in 
lhagni- 
into 
ne for 



tiat 



- dis- 
stem 
if 

dentre 
these 
j the 
ec to 
constituents, 
But 



This is a result of the first order of importance. I previousl 
cussed what might he expected to happsn if the complex sj 
giving the spectrum of an element were broken vp, and showed 
lews complex systems of the same pattern — that is, consisting of 
of force and ion with its electric charge — were thus produced, 
systems would be just as capable of giving spectra as the on 
breaking up of which produced them. We should get new ions fi 
move and vibrate, and new spe:tra which may reveal the 
that is, the manner in which the complex system breaks up. 
Dr. Preston goes further that this. He shows that the sam 
associated with different centres of force gives us lines at 
wave-lengths. That a certain ion which in the spectrum of 
nesium gives rise to b is also present in zinc and cadmium, 
there is no trace of h in their spectra. 

Xow, if tlie views held by those who have worked along 
these lines be confirmed, we shall be compelled not only to gi 
polymerisation as the only cause of greater complexity of the 
cules of the elements, but to acknowledge a great strengthening c 
view that all chemical atoms have a common basis, and build 
mental images on this basis. I now pass from the spectres 
evidence to work in a new field. 

Pr-'fewr J. J. Thomson?,* Researches. 



ion 



different 



mag- 
thloush 



of 
e up 
nole- 
f the 
new 
copic 



T have before referred to the fact that science now has to corsider 

not 
some 



masses much smaller than the atom of hydrogen. This we ow 
only to a discussion of the phenomena of scries, but also to 
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recent researches of Professor J. 
bis work on the cathode rays. 

Since the cathode rays prodinc 
■traced, hence it is known that tl 
This deflection depends upon the 
charge it carries, that is, upon th 
■J. Thomson finds to be about, Tul 
"hydrogen ion in ordinary electro 

At the same time it has been 
ami .Mr. Townsend that, the elect 



Piofe 



ih 



rays and a hydrogen ion. The 
pendent of the nature of the ga; 
ion is 700 times greater than in t 
smallest mass whose existence 
can only be about 1 F th of_Uie- 
Professor J. Thomson writ 
"The explanation which seem 
and straightforward manner for 
constitution of the chemical elem 
tained by many chemists ; this v 
chemical elements arc different 
Tdnd. 

* * * 

" Thus on this view wc have 
state, a state in which the subdh 
further than in the ordinary gas 
- that is, matter derived from 
•oxygen, Ac. — is of one and the 

.stance from which all the chemien. 

* * -* 

" The smallness of the value 
■e as well as the smallness of in. 
deuce that the charges carried b 
■compared with those carried by 

Thus the whole question 
because while on the chemical vi 
•different kinds of matter from 
fessor J. -1. Thomson m is a eons 
o£ Rydberg's general formula fo 
constant for every clement, : 
variations which may be due to t 



luminous effects their path can be 
,ey are deflected in a magnetic field, 
mass of each particle and the electric 
sir ratio, m e. This ratio Professor -J. 
r th of the corresponding value for the 
ysis. 

found by Professor J. .T. Thompson 

ic charge e is the same for cathode 

nie in fact may be regarded as inde- 

Since then the m e of the hydrogen 

iccase of cathode particles, the in, the 

:ssor J. J. Thomson has glimpsed, 

drogen ion. ' — 
i 



ICAL STANDPOINT. 



ISO 



J. Thomson, made in connection with 



aseous 



Es 

s to me to account in the most simple 
e facts is founded on a view of the 
nts which has been favourably enter- 
iew is that the atoms of the different 
aggregations of atoms of the same 

+ * * 

in the cathode rays matter in a new 
ision of matter is carried vcrv much 
s state : a state in which all matter 
different sources, such as hydrogen, 
same kind, this matter being the sub- 

i.l elements are built up. 

* * * 

m'e is, I think, due to the largeness of 
There seems to me to be some evi- 
thc corpuscles in the atom are large 
e ions of an electrolyte." 
of dissociation has besn advanced 
3w we have to deal with intrinsically 
element to element, on the view of Pro- 
ant for every element, reminding one 
■ scries in which X,, is practically a 
ilt|hough Pydberg acknowledges slight 
rrors of observation. 



tie 



» Phil. ?fag-, vol. slir, p. 311, October, 1S97. 
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In 
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particles 
In 

highest c 
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Dr. rrcflt 
view ex j 
Cert: 
facts wh 
evolntioi|i 
because 
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INORGANIC EVOLUTION. 



CHAP. 



isor J. J. Thomson is thus led to the following view of the 
of construction of a simple atom " and a compound 

e 17 

e molecule of HC1, for example, I picture the components of 
jgen atoms as held together by a great number of tubes of 
,tie force ; the components of the chlorine atom arc similarly 
ther, while only one stray tube binds the hydrogen atom to 
atom." 

res ton's results on the magnetic perturbation of lines, to 
avc already referred, leads him to the same general concln- 
hose arrived at by Professor J. J. Thomson in favour of the 
dissociation. He says : 
ay be, indeed, that all ions are fundamentally the same, and 
ces in the value of c'm, or in the character of the vibra- 
tted by them, or in the spectral lines produced by them, may 
from the manner in which they are associated together in 
up the atom.' 

The Three Wuya of Inoryank Evolution. 

At tike present time, then, we have before us three suggested ways 
of inor^tnic evolution. 

Taking the chemical view, this may depend on 
(1) I olymerisation, or the combination of similar chemical mole- 
cules ; oi 



the 
Hie 



IThe combination of dissimilar chemical molecules, 
new physical view all this is changed into 
gradual building up of physical complexes from similar 
associated with the presence of electricity. 

last conception we have the material world, up to the 
omplex, built up of the same matter under the same laws ; as 
.rum analysis there is no special abrupt change between the 
a presented by the simple and compound bodies of the 
so also in the new view there is no break in the order of 
evolution from end to end. I have already, on p. 167, 
to the opinions expressed by Frofessor .J. J. Thomson and 
on, as to the manner in which the new work supports my 
iressed many years ago. 

.inly the new view seems competent to throw light on many 
ch lacked explanation on the old one, by whatever method of 
the higher complexes were assumed to be brought about, 
on the ionic theory we can imagine several first forms, so 
■picstion of descent comes later with the introduction of more 
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ate 



complex systems. These various first 
bility of evolution along several parallel 
bility of an infinite number of intercros 
mil ■st not forget that the constituents of 
and of protoplasm are nearly identical 
matter of which they are composed make 

A consideration of the central cong 
ion revolving round it, suggests that t 
stunt in its structure, and that it is to 
mass and charge representing the centre 
are due. It may bs that the subordinf 
small variations of complexity are possil 

The ions visible in the simple spect 
those associated with the smallest centre 
we know at present, hydrogen, helium, ; 
among the gases ; carbon and siliciuni, 
sodium among the metals in the forms 
the highest temperatures we can employ 

As the stars cool larger aggregates 
of force round which these ions revolv 
the complexity of the spectrum of nr. 
renting a cool star, are both explained 1 
stages of which can lie reproduced in 



degrees of dissociation. 



forms bring about the possi- 
lines, as well as of the possi- 
sings. In this connection we 
the reversing layer of Bellatrix 
while the particular forms of 
so little show in the sun. 
ries of material units and the 
ie ion may be the more eon- 
a large extent to the varying 
of force that spectral changes 
" series " indicate that very 
ile, as well as greater ones, 
a of the hottest stars may be 
3 of force. These are, so far as 
sterium, oxygen and nitrogen 
and calcium, magnesium, and 
we study by their spectra at 
in our laboratories, 
pf material units in the centres 
i become possible, and hence 
inium and of the sun, repre- 
the same process, the various 
t|hc reverse direction by various 
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A. 

Absorption, 13, 14. 

in space, 131. 

phenomena, Jewel], 104. 

solar lines, 15. 
Acetylene, spectrum of, 20. 
Achemian stars, 70. 
Alchemy, 164. 
Al debar! an stars, 70. 
Al&olian stars. 70. 
Alnitamian stars, 70. 
Aluminium, series of. Cornu. h7. 
Ames, Zeeinan effect, 112. 
Antarian stars, 70. 
Arcturian stars, 70. 
Arcturus, see Bootis a. 
Argonian stars, 70. 
Asterium, series, 95. 
Atmospheres, stellar, 55. 
Atomic weight anil periodic law, 176. 

series, 93. 
Atoms, chemical, 18. 

conception of, 185. 

dissociation of, "3. 

of oxygen, 96. 

simple, 190. 

vibration period of, 103. 
Auriga, nova in, 138. 
Aurig-Ee a, absorbing layer, 52. 



B. 

B aimer's law, 86. 
Bauschinger, 128. 
Berthelot, on dissociation, 2s. 
Boisbaudran, de, 86, 117. 
Bootis a, absorbing layer, 52, 150. 
Brodie, chemical elements, Hiti. 
Budge, Dr., 67. 



C. 

Calcium, behaviour of, lOii. 

dissociation, temperature of, 106. 

enhanced lines, 37. 

pressure shift, 106, 117. 

proto-, behaviour of, til. 

series in, 97. 
Calculus, chemical, 166. 



Cam 
Campbell 
Cauis 



, prismatic, 13. 

, bright line stars. 133, 
majoris a and a C'vgni, cuinpii-i- 
soii, 03. 
yCygni, comparison, (It. 
Cap&l|Ia, sen Auriga? a. 

, distribution in space, 112. 
llings of, 75, S3, 
stars, 61, 129. 

and Milky Way, 129. 
Chanfcourtois, 165. 

e and enhanced lines. 39. 
lid Fraunliofer spectrum, J3. 
lipse, 1871, 43. 
lipse, 187.3, 43. 
sition of, 50. 
leetrnui, 39, 41, 42. 
.fication of stars, 66, 70, 72, 129, 



a: id ■ 



Carbqn 

n 

ii 

stlars ; 



Chroi 10 sphere 



e< 



p. 



Class: 
130. 
Cleve 
Cleve 



Cliflfoi d 



P 

Clusti irs 
Comp jund. 
Cornt 
m 

re 



Coron|a 
] 

1*98 
vs ri; 
Crook es 



Depol yme 
Desla idres 



yttria, ] 17. 

te gas, and series, 11, 83. 
cajni position of, 96. 

magnetic perturbations of 
lines, 109. 

th of molecules, 18, 29. 

, .tar, and llilky Way, 12S. 
s, spectra of, 20. 
, aluminium series, 87. 
agnetifUi and ware-length, 112. 
versed lines, 101. 
eries, constants of, 87. 
, 1S71, 43. 
78, 13. 
43. 

riation of, 43. 
, dissociation, 76. 
fractionation, 116. 
pi riodic law, 165. 
victoriiim, 119. 
Cruoijui stars, 70. 
Cmciii, B, 60. 

Cygnl a, absorbing layer, 52, SO. 
ai d Sirius, comparison, (is. 
sreetrum of, 49. 
7 and l'rocyun, comparison, lis. 
Cygni|an stars, 70. 



D. 

erisation, 176. 
series, 87. 
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Deville aud T roost, iodine, 74. 
Dewar and Liveing, carbon Hilling*, 
75. 

series, law of, SB. 
Dissociation anil evolution, 158. 
and spectral series. 83. 
and temperature, 36, 79. 
Ucrthelot, 23. 

calcium, temperature of, 103, 100. 

celestial, 25. 

'Dumas, 27. 

early idea of, 22, 73. 

examples of, 158. 

objectious, 144. 

o£ metals, 81. 

Hitter, 149. 

Sir William Crool.es, 76. 

Sir William Koberts- Austen, 76. 
Distribution of carbon stars, 129. 

stellar, 126. 
Dobereiner, 165. 
Dumas, on dissociation, 27. 
Duner, stellar classification, 120. 



E. 

Earnart, Zeeinai>. effect, 112. 
Eclipse, 1871, 43. 

1S7S, 13. 
Eder, calcium, behaviour of, 10G. 

and Valeuta, mercuri- spectrum, 
76. 

molecular combination, 74. 
Egeroff, Oxygen, 179. 
Elements, chemical distribution In 

space, 112. 
and temperature, 165. 

in hottest stars, 159. 

initial, Ki5, 16t>. 

series ol, 87, DO. 

spectra of, 18, 39. 

without, series, D3. 
Embryology, 156'. 
Enhanced lines, 31. 

and chromosphere, 39. 

calcium, 37. 

in a Cygui, 48. 

in stars, 3'i. 

in sun, 35. 

iron, 34. 

lithium, 32. 

magnesium, 35. 

temperature ranges, 57. 
Evolution, 152. 

and dissociation, 158. 

organic and inorganic, 17-, 190. 

stellar evidence, b'2. 

r. 

Faraday, magnetic perturbation of 
lines, 109. 



Fievez, magnetic perturbation of lines 
110. 

Flutings, 10, 83. 

carbon, 75, S3. 

magnesium, 83. 
Formula for series, 87, 88. 
Fractionation, 116. 
Fi-ankland and Kirehlioff's theory, 41 
Fraunhofer lines, !5, 39, 42. 43. " 



G. 

Gas, elevcite, composition of , 96. 
Gases, series in, 91. 

spectra of, 30. 
Gauges, star. Herscliel, 126. 
Genera, stellar, "0. 
Geology, sti at [graphical, 151. 
Gould, Milky Way, 125. 
Gravity, specific, of iodine, 74. 
Groups, chemical, and series, 91. 



H. 

Hemoglobin, formula for, 172. 
Hale, calcium, behaviour of, 105, 106. 
Hasselberg 1 , hydrogen spectrum, 182. 
Helium aud Fraimliofcr lines, 39, IS. 

distribution in space, 1-12. 

series, number of, 95. 
Hemsaleeh, artificial shifts, 107. 
Herschel, Sir John, star-way. 126. 
Herscliel, Sir William, and nebula?, 143. 

milky wav, 125. 
Hittorf and Pliieker, spectra of ele ■ 

meuts, 19. 
Howes, Prof., 170. 
Huggins, spectrum of Arcturus, 150. 

spectra of nebula?, 121. 
Humphreys and Mohler, pressure auc 

wave-length, 101, 105. 
Humphreys, behaviour of strontium 
10t>. 

Hydrocarbons, series of, 175, 183. 

Hydrogen, behaviour of, in stars, 64. 
complexity of, 95, 
distribution in space, 142. 
ion, 1S9. 

primary element, 165. 
proto-, 58, 81. 

scries of, 31, 59, 86, 87, 95, 08, 179. 
182. 

structure, sjiectrum of, 31. 
I. 

Iodine, specific gravity, 74. 

Ions, electric charge, 110, 114, 185, 190 

hydrogen, 189. 

tlicory'of, 190. 

Zceman effect, 188. 
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Iron, behaviour in sun, 24. 

I isti'ibutioi] in epace, 112, 
1 ne of, 1474, 35. 

>ectra of, 32, 31. 
^eenian effect, 112. 



J. 



Jewe I, absorption phenomena. 103, 
101. 

onis, vibration of, 103. 
dissociation hypothesis, 103, 117. 
pressure and wave-length, 101. 



Kapt 
Kaysi 
Kaysa 

11 IU 

Kirel hoff 



1XBEX, 
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K. 

;yn, proper motion, 130. 

and Kunge, series, S7, 97, 1S3. 
r, hydrogen, new series, 5f, OS. 
lecules, complexity of, 100. 
's theory, H. 



L. 



Lane. Homer, temperature of sun, 151. 
Lam or, Zeemau efl'eot, 110. 
Law, periodic, 165, 17ii. 
Laye .-, absorbing, Areturns, 52. 
I apella, 52. 
s in, 52. 
Cygni, 53, SO. 
Lea, .Sheridan, protoplasm, 172. 
Line; , basic, 77. 

e ihaucei, 57, 177. 
lung and short, 22. 
proto-metallic, 57. 
Liqu ds and metals, differences be- 
tween, 160. 
pith of molecules in, 10. 
Lithi im, enhanced lines, 32. 
Liveipg- and Dewar, carbon llutings, 
75. 

series, law of, , u fi. 
Lorentz, Zcernau effect, 110. 



M. 

Mag-i leshim and periodic law, 176. 
"ntings of, S3. 

stars, 75. 
irolo-, behaviour of, 35, Si. 
ries in, 97. 

etism and spectral lines, 100, 112. 
•Id of, ions, 110. 
rturbations of line?, 109, 110. 
uac, de. yltria, 117. 
still's, 70. 
Masdart, 12. 



1 

Magi 

f: 
p- 

Mari 
Marldabian s 



MeClean, claw lie at ion, stellar, (iCI, 07, 
141. 

oxygen in stars, jJQ. 

star distribution and Milky Way, 
131. ' J 

Melt lug 1 - point and series, 93, 97. 
Mandeleef, periodie law, <H, 105. 
Mercury, spectrum of, 7ti. 
Metals and liquids, differences be- 
tween, 160. 

dissociation of, SI. 

proto-, 57. 

without series, 97. 
Meyer, atomic volumes, 16-j. 
Milky Way, 124. 

and nebulas, 127, 130. 

and nova?, 137. 

and star clusters, 128. 

distribution, 125, 1 20, 131, 132, 141. 

Gould, 125. 

split in, 121. 
Mitseherlich, spectra of eomoonnds, 
20. 

Mohler and Humphreys, pressure and 

wave-length. 101, 105. 
Molecule, yttria, US. 
Molecules, combination of, 74. 

complexity of, 99, 190. 

com pus it ion of, 171. 

diatomic, 18. 

dissociation cf, 73. 

in gases, 19. 

masses of, 1S2. 

path of, IS, 19, 29. 
Mouck, 139. 

Motions, proper, and stellar spectra, 
140. 

proper, and temperature, 139. 
Murray, Dr., stellar type names, 70. 



N. 

Nebulte and Milky Way, 127, 13t>, 1 13- 
and stars, 132. 
distribution of, 130. 
origin of. 4(i. 

planetary, 127, 12S, 136, ] 13. 

spectra or, 121. 
Neovius, oxygen, ISO. 
Newlands, periodie law, lfi5. 
Nitrogen, spectra of, 3), CI, S6. 
Nova Auriga;, 13S. 

duplicity of, 13S. 
Novee and Milky Wav, 137. 

distribution of, 137. 

genesis of, ] 37. 

number of, 137. 

spectra of, 13S. 

O. 

Orion, stars in, f einperaturi' SO. 
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Orionis, f, 67. 
Oxygen, atom of, 96. 

compleiity of, 98. 

in hot stare, 60, 163. 

series in, 95, 179, ISO. 

spectra of, 31, 180. 



P. 



Paschen and Runge, see Runge. 
Periodic law and atomic weight, 170. 
Perry, atmosphere?, stellar, 150. 
Persei ft mass of, 140. 
Perturbations, magnetic, Preston, 1(17, 
190. 

Pettenkofer, 165. 

Phosphorescence and gaseous stars, 
151. 

Pickering-, bright line stars, 13:!. 

uoiv hydrogen series, 5H, 59, 95, 
OS, 178. 

stellar classification, 67, 130. 
Piscian stars, 70. 
Plant forms, 153, 171. 
Pliicker and Hit tort', spectra id! ele- 
ment?, 19. 
Polarian atari, 70. 
Pole, galactic, 1-1. 
Polymerisation, 175, 190. 
Poulton, Prof., 153. 
Pressure and wave-length, 101. 

shift, direction of, 105. 
Preston, Dr., magnetic perturbations, 

110, 113, 167, 187, 190. 
Prism, action of, 2. 
Proeyon, see Canis minoris o, 68. 
Procyonian stars, 70. 
Pro to-by dro gen, see Hydiogcn. 
Proto- metals, see Jlelals. 
Prout, evolution, inorganic, 105. 
Puppis, £, spectrum of, 58. 



R. 

Ramsay, helium, 4S. 
Reese, Zeeman effect, 112- 
Rigelian stars, 70. 
Hitter, dissociation hypothesis, 149. 
Roberts-Austen, dissociation, 7li. 
Bocks, fossiliferons, 153. 
Bunge and Kaiser, series and melting 
points, 9/. 

series and temperature, 183. 

series form ala, 87. 
Rung-e and Pusclicn, osygen series, 170. 

series, 1 1 , 85. 
Rutherford, on-stellar spectra, 25. 
Rydberg and initial element,^89, 161). 

hydrogen, scries of, 95, 178. 

on doubles, triplets, &<■■, s9. 

series torniida, 87, lS f &. 



S. 



Secchi, 25. 

Selenium, series in, 95. 
Scheiner, Dr., magnesium in stjars, 
75. 

Schuster, molecular combination, 7(4. 
nebula, 121. 
on dissociation, 144. 
series, laiv of, S6. 
ahifis, artificial, 107. 
Series, aliiiiiiniun-, 87. 

and atomic weights. 93. 

clieinical groups, 91. 

dissociation, S3. 

melting points, 93, 97. 

temperature, 183. 
calcium, 97. 

constants of, 87, SS, 189. 

definition of, II. 

doubles in, 89. 

early notions of, 

formiihc for, 11, 87. 

hydrocarbons, 183. 

hydrogen, 173. 179. 
Balmer, 86. 
new, 59, 98. 
gt.oney. 86. 

irregularities io, 91. 

laws of, 86. 

magnesium, 97. 

metals, 97. 

nebulous, S*J. 

nomenclature of, S9. 

oxygen, 95, 163. 

principal, 89. 

Kunge and Paschen, 85. 

sharp, 89. 

single lines, 89. 

sodium, 179. 

thallium, b7. 

triplets, S9. 
Shifts, artificial, 107. 

pressure, 102, 195. 
Silicium, in stars, 61. 
Sirian stars, 70. 
Sirius, see Canis Majoris a, 68. 
Sodium, longs and short?, 24. 

series of, 178, 179-. 
Space, absorption in, 131. 

chemical elements in, 14-i. 

chemistry of, 120. 

distribution of helium in, 11-- 
Spectroscope, grating, 9. 

laboratory, 8. 

simple, 2. 

stellar, 16. 
Spectrum, bright line, 5. 

continuous, 4. 

dark line, 12. 

definition of, 2. 

discontinuous, 3, 12. 

length of, and temperature, 5. 
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SpotUswooiie, miucliou coil, '-it. 
Star-way, Gould's, 120. 

Herschel's, 126. 

inclination of, 127. 
Stars and nebula;, relation between 
132. 

atmospheres of, 150. 
behaviour of hydrogen in, 04. 
bright line, 132. 

distribution, 13J. 
brighter, MeClean, liO. 
carbon, (51. 

and Milky Way, 120, 141. 

and relative temperature, 50. 

chief lines in, 5b. 

IKiner'is observations, 129. 

length of spectrum, 55. 
classification, chemical, GG. 

general, 72, 129. 
composition and distance, 142. 
containing new hydrogen, 00. 
cooler, chemistry of, G5. 
distribution of, and Milky Way, 

131, I'll, 
gaseous, and phosphorescence, 151. 

and propel- motion, 1 30. 

and relative temperature, 50, 

chief line?, in, 50. 

length of spectrum, 55. 
genera of, definitions, 70. 
grouping of, chemical, 1-tl. 
hottest. (37, 159. 
magnesium in, 75. 
masses of, 150. 

metallic, and length of spectrum, 

JO. 

and Milky Way, 131, 141. 
proper motion, 139. 
relative temperature, 50. 
chief lines in, 5G. 
tin lings in, 111. 
new, .see No vie. 
nitrogen in, 01. 
Orion, temperature, 80. 
oxygen in, GO. 

prot.o-rnetallic, and proper motion, 
139. 

and Milky Way, 131, 141. 
silicium in, 01. 

similar type, localisation of, 120. 
spectra of, and proper motion, 
140. 

temperature of. 07, 68, 17-4. 

white, and Milky Way, 131. 
Stoney, hydrogen series, 86. 
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